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(E.) 

ON THE MINERALOGY OF THE LAURENTIAN 
LIMESTONES OF NORTH AMERICA. 



Introduction. 



In a general report of the Geological Survey puMished in 1863, 
nmler the title of the Geology of Canada, the ancient gneissic sys- 
tem of the Laureiitidea of Canada and the Adiroiulacks of New 
York, is described under the name of the Laurentian aystem. Far- 
ther researches have shown that under this title were inchided two 
distinct and unconformable groups of rocks, which have since been 
distinguished as the Lower Laurentian and the Upper Laurentian, 
or Labrador scries. The first and most ancient of these, to which 
it will be well for the future to restrict the name of Laurentian, 
corresponds to the primitive gneiss of Scandinavia and of the 
west of Scotland. This opinion was put forwaid by the autlior 
in 1855, and has tince been confirmed by Sir R. I. Murchisou, for 
Scotland. More recently, Messrs Gumbel and Hochstetter, after 
a lengthened study of the older gneiss of Bavaria and Bohemia, 
have declared it to be identical with the Laurentian of North 
America, a conclusion sustained by the discovery by Gumbel of 
the fossil remains of the rhizopod Eozoon Canadense, in the lime- 
stone of the Bavarian gneiss. 

The lower or true Laurentian consists in great part of orthoclase 
gneiss, sometimes granitoid, with qitartzites, occasionally becom- 
ing conglomerates ; hornblendic and micaceous schists, pyroxen- 
ites, serpentines and limestones, sometimes magnesian. These 
liniestoues, generally very crystalline, are seen on the Ottawa, in 
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the counties of Argenttuil iiiii] Grenville, to form throe distinct 
fuvmalioiis, having each a thicliiicss of from 1,000 to 1,500 feet, 
separated, underlaid and overhiid hy still greater masses of gneiss 
and qiiitrtzite. The measured thickness of this sevies on the 
Ottawa is more than 20,000 feet, which is pi-obably far from repre- 
senting its total volnme, while in Bohemia it is snppoaed to equal 
not less than 90,000 feet. In the connty of Hastings, in tlie pro- 
vince of Ontario, not less than 21,000 feet of strata, consisting of 
crystalline schists, limestones and diorites, are found resting con- 
formably upon Laurentian gneiss.* It appears certain, however, 
that this series, which differs both in the succession and the litho- 
logical character of its strata from the sections in the Ottawa 
valley, belong* to Hie Lower Lauicntian, of which it would iippear 
to constitute a member higher in the system than any observed in 
New York or in the province of Quebec, so that the whole known 
thickness of the Lower Laurentian in Canada would snrpass 40,000 
feet. The Eozoon Canadense is met with in several localities, both 
in the lower and higher members of the Lower Laurentian. 

The Labrador (or Upper Laurentian) occurs in detached arests, 
resting nnconformably up<m the true Laurentian system. Some 
of these areas arc many miles in breadth, and they occur at 
intervals in Canada from the shores of Lake Huron to the coast of 
Labrador. The Lid>radi>r series contains strata of orthoclase 
gneiss, quartzites, and crystalline limestones ; but its predomi- 
nant element is an auortholitc — a rock composed essentially of a 
feldspar of the anorthic or triclinic system, generally with a small 
admixture of pyroxene or hyperstliene. This anorlholite is some- 
times gneissoid, and even fine-grained ; but is more often granitoid, 
and occasionally in-csents large ch avahle masses of opalescent 
feldtpar, generally labi'adorite or andesine. The thickness of this 
Labri;dor series cuinot be less than 10,000 feet, and is perhaps 
much more. The true Laurentian offers nothing similar to these 
anortholites, which seem to be idenlical, both lilhologii^ally and 
geognostieally, with the norites of Norway. They are the hyper- 
stheiiites of the Hebrides, described liy McCirlloch, and subse- 
quently recognized by Emmons under the name of hypersthene 
rock in the Adirondacks, of which, according to him, Ihey form 
some of the highest summits. 

To these two great series of ancient roeks must be added a 
third — the Hurouian, which attains on Lidic Huron a thickness of 
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not less than 18,000 ffct, -whfre it lies l>ctwecii IIkj Laiii-Gnfian and 
Silurian systems, coiiformiilile with iieitlier. It is believccl (o he 
newer than the Labrador scries, though the two have never yet 
been seen in conttict. The recent observations of Prof. Hull, have 
shown that the Hnroiiian system is found interposed between the 
Sihiriun and the Laurentian to the west of the Mississipi^i, ivhile 
it appears to have been very recently identified both iu New- 
foundland and in New Brunswick. Of these three great series, 
Sir Williaui Logan remarks that their united thickness " may pos- 
sibly far surpass that of all the succeeding rocks from the base of 
the Potsdam series to the present time. AVe are thus carried back 
to a period so far remote, that the appearance of the so-called pri- 
mordial fauna may by some be considered a comparatively modern 
event. We find, however, that even during the Laurentian period, 
the same chemical and mechanical processes which have ever since 
been at work disintegrating and reconstructing the earth's crust, 
were in operation, as now. In the conglomerates of the Hiironian 
series, there are enclosed boulders derived from the Laiircniian, 
that seem to show that the parent rock was altered to its present 
crystalline condition before the deposit of the newer formation, 
while intersU'atified with the Laurentian limestones, there are 
beds of conglomerate, the pebbles of which are themselves rolled 
frao-ments of a still older laminated .sand-rock ; and the forma- 
tion of these beds leads us still further into the past." {Qaar. Jam: 
Qer.1. Soc, February, 18(i5.) 

The area occupied by the Laurentian rocks in Canada, is about 
200,000 square miles, of which about 1,500 sqnaro miles have 
been accurately studied and mapped in the valley of the Ottawa, 
in the province of Quebec, and a still smaller area in the county 
of Hastings, Ontario. The Laurentian area ()f the Adirondacks, 
in northern New York, comprises about 10,000 square miles, but 
has never yet been stratigraphieally studied, although nnich atten- 
tion has been paid to the mineralogy of the limeslones of the series, 
which present many characters both of seieutitic and of economic 
interest. The following pages are extracted from the Report of 
the Geological Survey of Canada for 1SG3-66 (pages 182-223), 
published at. Ottawa, and here reprinted with some few additions, 
which are distinguishedby being enclosed in brackets : 

The evidence afforded by the careful strati graphical study of 
these Laurentian limestones, and their associated rocks in the val- 
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ley of the Ottawa, left, as we have seen, no doubt of their sedi- 
meutary uature and origin. Similar limestones in the Highlands 
of New York and New Jersey were long since recognized by 
Rogers, by Mather, and by other American geologists, as in like 
manner altered stratified rocks, which were by some ie"-arded as 
of Silurian age, and by others of greater antiquit3^ The obser- 
rations made by Sir William Logan and Prof. James Ilall, in 
1864 {Amer. Jour. Science [2], xxxix, 97), in the Highlands of 
the Hudson, however, leave no doubt that these limestones, and 
their accompanying giieissoid strata, belong to the Lanreutian 
system. 

The study by the late Dr. Emmons of the similar series of rocks, 
constituting the mountain region of the Adirondacks in northern 
New York, and continuous with the great Laurentian area of 
Canada, led him, however, to regard the limestones of the series 
as of igneons origin, and in fact as intrusive rocks. (See his 
Keport on the Geology of the Fii-st District of Now York, pub- 
lished in 1842, pages 37-59.) This view, aJthongh in contradic- 
tion with the conclnsions of other geologists who have examined 
these Laurentian limestones in Canada and the United States, was 
]iot so singular as might at first sight appear. Mather, in his 
Report on Second District of New York (page 485), while main- 
taining the sedimentary and metamorphic nature of the crystalline 
limestones of the Highlands, asserted (hat there were examples in 
Washington county fully sustaining Emmons' view that such 
limestones sometimes occur as eruptive rocks. 

Many of the fii-st geologists of other countries have also main- 
tained the igneous origin of certain crystalline limestones. Thus, 
in 1863, we find Voii Leonhard asserting that limestones have 
sometimes come from the interior of the earth in a liquid state, like 
other igneous rocks. A similar view was at that time maintained 
by Guiclini with regard to the dolomites of Spczzia in northern 
Italy, and by Rozet for similar rocks at Oran in Algeria, and for 
the ciystalline limestones of the Vosges, which, like those of the 
Laui-eutiao series, occur in gneiss, and are often mingled with ser- 
pentine. (Bull Soc. Geol. de France, iii, pages 215 and 235.) 
These observers, like Dr. Emmons, urged in support of their view, 
among other reasons more or less fallacious, the undoubted fact 
that such limestones, in some eases, apparently form dykes or 
veins, which, like those of granite and greenstone, traverse "neissic 
or ouartzose strata. 
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It has been pointed out in the Geology of Canada (pages 28 
and 643), that, in the case of the Laurentian Iimesf^)ue5, there is 
abundant evidence that they were at one time in such a plastic con- 
dition that external forces were able, not only to contort great 
masses of limestone, and to break and fold in a remarkable manner 
certain interstrafified quartzose layers, but to force the softened 
limestone into fissnres in the adjacent silicious strata. Examples 
of the latter phenomenon are, however, comparatively rare, and 
the limestone veins upon which Mr. Emmons, and probably other 
observers, have founded their view of the igneous origin of crys- 
talline limestone, remain to be described, after a brief aeconnt of 
the limestones and their immediately associated strata. It should 
here be mentioned that Bischof considers the great dykes of gran- 
ular limestone, which, near Auerbach in the Eergstrasse, ai'e met 
with traversing gneiss, to be deposits from water, filling np fis- 
sures; in fact, veritable veinstones. {Chem. Geol., English Ed., iii, 
pp. 148-150.) See also the note on page 47 for a description of 
a similar calcareous vein. 

. The Laureutian limestones of North America, and other crys- 
talline limestones in different regions, some of which belong to 
other geological periods, often abound, as is well known, in foreign 
minerals. These occur disseminated through the mass of the rock, 
of which they serve, in many cases, to mark the lines of stratifica- 
tion. While some beds consist of nearly pure carbonate of lime, 
others will be found to be characterized by au admixture of grains 
or crystals of chondrodite, pyroxene, serpentine, mica, feldspar, 
quartz, graphite, or other minerals, either alone or variously asso- 
ciated, and sometimes in such quantities as to make up a large 
proportion of the rock. 

Recent investigations have shown that in some cases the dis- 
semination of certain of these minerals through the crystalline 
limestones is connected with organic forms. The observations of 
Dr. Dawson and myself on the Eozoon Canadense showed that 
certain silicates, namely, serpentine, pyroxene and loganite, had 
been deposited in the cells and chambers left vacant by the dis- 
appearance of the animal matter from the calcareous skeleton of 
that foraminiferous organism, so that when this calcareous portion 
is removed by an acid there remains a coherent mass, which is a 
cast of the soft parts of the animal, in which n^)t only the ehara- 
bers and connecting canals, but the minute tnbnli and pores are 
represented by solid mineral silicates. It wits shown that this 
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process must have taken place during the life of the animal or 
immetliately after its death, and must have depended upon the 
deposition of these silicates from the waters of the ocean. 

The train of investigation thus opened up has been pursned by 
Dr. Giimbel, Director of the Geological Survey of Bavaria, who, 
in a recent remarkable memoir presented to the Koyal S^iciety of 
that country, has detailed his results. 

Having fii-st detected a fossil identical with the Canadian Eozoon 
(together with several other curiouji microscopic organic foi ms not 
yet observed in Canada), replaced by serpouline in a crystalline 
limestone from the primitive gneiss of Bavaria, which he identi- 
fies with the Laurentian system of this country, be next discovered 
a related organism, to which he has given the name of Eozoon 
JBavaricum. This occurs in a crystalline limestone belonging to a 
series of rocks more recent than the Laurentian, but older than the 
primordial zone of the Lower Silurian, and designated by him the 
Uercyuian clay-slate series, which he conceives may represent the 
Canibiian system of Great Britain, and perhaps correspond to the 
Hni'onian series of Canada and the United States. The cast of 
the soft parts of this new fossil is, according to Gunibel, in part 
of sei'pentine and in part of hornbieode. 

His attention was next directed to the grecu hornblende (pai'ga- 
site), which occurs in the crystalline limestone of Pargas, in Fin- 
land, and remains, when the carbonate of lime is dissolved, as a 
coherent mass, closely resembling that left by the irregular or 
acervuUne varieties of Eozoon. These grains are described as 
somewhat cylindrical in form, with rounded and pitted surfaces, 
presentuig re-entering angles, and resembling, on a small scale, 
the tubers of some j^lants. Though thus destitute of external 
ci'ystalline f<)rm, they have a perfect cleavage, and are entirely 
crystalline within. These small tubercniated grains are joined 
together by short cylinders, and are occasionally traversed by cylin- 
drical openings; besides which, there are implante^l upon them 
small cylinders, often branched, and resembling exactly in size and 
arrangement the casts of the tubuli of Eozoon, in which, or in 
some related organic structure, he conceives the pargasite to have 
been moulded. A white mineral, probably scapuHte, was found 
to constitute some tubercles associated with the pargasite, and the 
two mineral species were in some cases united in the same rounded 
gruin. 

Similar obsorvalions wei'C made by him upon .fiiociinensof coc- 
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colite, or green pyroxene, oeeiii'iiig in ronudeJ and wrinkled 
grains ill a Liiiirentlun limestone from New York. These, accord- 
ing to GiJnibel, present the same connecting cylinders and branch- 
ing stems as the pargasite, and are by him supposed to have l>een 
moulded in the stime manner. The continuity of the casts of the 
tubuli appears to have been, for the most part, destroyed by the 
subsequent crystallization of the carbonate of lime, in more com- 
pact portions of which they are, however, occasionally preserved. 
The tine residue from the solution of the lime in acids gave other 
minute organic forms, simihii- to th<»se noticed by him in the 
Eozoon limestone of Bavaria. Very beautiful evidences of the 
same organic structure, consisting of the casts of tubuli and their 
ramifications, were also observed by Giimbel in a finely crystalline 
limestone, enclosing granules of chondrodite, lioniblendo, and 
garnet, from Boden, in Saxony. Other specimens of limestone, 
both with and without serpentine and chondrodite, were examined 
without exhibiting any ti'aces of these peculiar forms, and these 
negative resulb* arc justly deemed by Giimbel as going to prove 
that their structure is really, like that of Eozoon, the result of the 
intervention of organic forms. In this connection, an observation 
made by Sir William Logan with regard to the Eozoon rock of 
Canada is very important, namely : that the granular mixture of 
carbonate of lime and serpentine which accompanies the perfect 
forms of Eozoon, consists of broken and comminuted portious of 
the fossil, still exhibiting minute structure, and having a stratified 
arrangement. Besides the minerals mentioned above as having 
been observed as the replacing substance of the Eozoon in Canada, 
namely, serpentine, pyroxene, and loganite, Giimbel adds chon- 
drodite, hornblende, scapolite (?), and probably, also pyrallolite, 
quartz, and iolite or dichroite. 

Accompanying the crystalline limestones of the Laiirentian sys- 
tem in Canada, are often found strata made up of foreign minerals 
to the entire exclusion of carbonate of lime, by an admixture of 
which, however, they gradually pass into the adjacent limestones. 
These strata generally consist of pyroxene, sometimes nearly 
pure, and at other times mingled with mica, or with quartz and 
orthoclase, often associated with hornblende, epidote, magnetite, 
sphtne and graphite. These beds, which may for the most part 
be described as pyroxeuites, from the prevailing mineral, and 
which have been briefly noticed in the Geology of Canada, pnro 
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475, are generally granitoid or gneissoiil in structnre. They are 
sometimes tine grained, and at other times made up of crystalline 
elements from two-tentha to five-tenths of an inch in diameter. 
They occasionally assume a great thickness, and are then often 
interetratified with beds of granitoid orthoelase gneiss, into which 
the quartzo-felspathie pyroxeuites pass hy a gradual disappearance 
of tlic pyroxene. These peculiar strata, which contain at the same 
time the minerals of the associated gneiss and of the limestones, 
may thns be looked upon as beds of passage between the two 
rocks. Their mineral species and varieties, so far as uiy obsei-va- 
tions go, are identical with those of the limestones themselves. 
It should be remembered that, besides the minerals already men- 
tioned as predominating in these strata, other species character- 
istic of the limestones, such as serpentine and magnetite, sometimes 
make up by themselves great beds in these intermediate or tran- 
sition strata, which, from their miueralogical relations, may all be 
looked upon as related to the accompanying limestones. In some 
districts, however, hornblende predominates over the pyroxene, 
and gives rise to beds of pure honiblende ruck, or amphibolite, 
sometimes schistose, and to compound rocks, such as diorite and 
hornblendic gneiss, so that each group of limestones, ivilh its 
attendant pyroxenites, amphibolites, serpentines, magnetites, etc., 
may be considered as characterizing an epoch in the geological 
period to which it belongs. 

Each one of the three great limestone formations which have 
been recognized in the Laurentian system on the Ottawa, appears 
to be associated with these related rocks, which are, however, in 
some parts, developed to a great extent, and in others are com- 
paratively unimportant in volume. These limestone groups, as 
we may hereafter designate the limestones with their attendant 
rocks, appear to be the parts of the system to which the principal 
economic minerals belong. The ores of iron, copper, nickel and 
cobalt, the apatite, mica and plumbago, as well as the serpentines 
and the marbles of the great Lower Laurentian series, belong, so 
far as yet known, to the limestone groups. 

The Labrador or Upper Laurentian series includes one, and per- 
haps more limestone bauds, which, so far as ascertained, present 
the same miueralogical accompanimeuts as the limestone forma- 
tions of the Lower Liiurentian. 

Mineral Veiks. 
We may now consider the mineral veins which triivt'r.se the 
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Laiirentiiin rocks, and have chiefly been studied in conuection with 
these limestone groups, where they present the most vitrled and 
iuiportunt mincralogical ehiiracters. These veins htive been briefly 
described in the Otology of Ganada, pages 35-37, where three 
classes of them arc distinguished as follows : 

1. Veins filled chiefly with calcareous spar, sometimes with sul- 
phate of barytes or fluor-spar, and carr^'ing sulphuret of lead, and 
more rarely, sulphurets of zinc, iron and copper. Numbers of 
these metalliferous veins have been described iu speaking of the 
various metals in chapter xxi of the Geology, and others arc 
noticed by Mi'. Macfarlane In his report on the county of Hastings 
(Geol. Survey of Canada, 186(J). These veins are much newer 
than the Laurentian rocks, since they travei-se in Eanisay, Ontario, 
the strata of the Culciferous formation {Geol. Can., page 63G). 
Similar veins are also met with iu Lewis county, New York, inter- 
secting the limestones of the Trenton group, and sometimes 
containing fluor-spar. The vein in the Laurentian limestone on 
Musealunge lake, St, Lawrence county. New York, ivhtch contains 
besides calcite, the huge crystals of fluor-spur so well known to 
mineralogists, may probably belong to the same class as the ieud- 
bearrng veins just mentioned.* 

2. The veins of the second class are filled with quartz and 
orthoclase feldspar, which is sometimes replaced by, or associated 
with albite. These veins occasionally include crystals of black or 
white mica (muscovite), large crystals of black hornblende, and 
not unfrequently black tourmaline, red garnet and zircon. One 
of this class, cutting the Laurentian gneiss in Greenlield, near 
Saratoga, New York, contains, in addition to garnet and tourma- 
line, the rare species chrysoberyl ; and the granitic vein holding 
crystals of beryl, observed by Dr. Bigsby in the gneiss of Rainy 

• In this oonneotion tniy be mentioned a vein of thiaolass, renmrkablB foritsaiae, mhieh 
oeoJrB at SpancerviUa, near Preaeolt, Ontario, and haa attrncled Earns attention in the 
neigbborhoDd. It ia on the east half of lot twentj-eigbt, in the sixtb range of Edwards- 
burg, and cuta the horisontai atrata of tbo Calciferona formation, which is here bare of 
aoil, and holda nodules of chert. The vein, which rune E. N. E., baa been traced on the 
Bucfa.ca for a distance of about one hundred roda, and at the place where it baa been 
opened is not less than eighteen feet wide, and verticil in its attitude. A pit bad been 
sunk on the vein at the time of mj viiit, in Aoguat, 1864, to depth of twenlj feet. The 
veinstone was pure white crj-stallinc carbonate of lime, without any traoea of banded strno- 
ture; and in detached bljcka tbe greater part of it eonid not be distinguiabed from many 
saccharoidal limestones. Occasionally, however, musses of a coarsely eleavable and lilac- 
eolcrcd caleita were met with. Tbe only fi>reign minerals la this vein were smaM and rare 
graina of copper pyrites, and more frequently, iron pyrites in tbiu testaceoua orusta, also 
very sparsely distributed. Another, and a smaller vein, was observed nearly parallel to 
tbia, filled wjtb a similar carbonate of lime, but without any visible metallic impregnation. 
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Lake, possibly beiongw to L^iiireiitiuii rocks (Geol. Can., page 492). 
These veins, from iheiv coiistifucnt minerals, nre geneiiiUy de- 
siM-ibetl as granitic, but are not to be eonfoiincIeJ with inj<?eted 
granite dykes, since they ave doubtless true veins. like those of 
the first class, filled liy the gradual deposition of matters from 
aqueons snhilions. These granitic veins, nnlike those of the pre- 
ceding class, have not been observed to intersect the Silurian 
rocks, and are probably of greater antiquity than they. As will 
hereafter be shown, they cannot bo distinguished from the veins 
of tbo third class, into which they pass by insensible degrees. 

3. In the third class were included, in the Geology of Canada, 
those veins which appear to be more nearly related to the lime- 
stone groups, wilh which tliey are generally associated, and with 
the characteristic minerals of which they are tilled. These veins are 
extremely numerous, and exhibit, nithin certain limits, remarkable 
variations in mineral ogical characters. The n:ost important ele- 
ments of these veins are caitite, quartz, orthoclase, phlogopite, 
pyroxene, apatite and graphite, of which some one or more will 
be found to prevail ; but they may contain, besides, numerous 
other species, including nearly everyone to ho met with in the 
limestones, and in their accompanying pyroxcnic and gneisaic 
rocks. Veins of the present class are found traversing ail these 
strata ; they are most frequently vertical in attitude, and generally 
cut the beds at right angles, though to this many exceptions may 
be cited. They exhibit, within certain limits, great variations in 
their mincralogical characters, not only in diflTerent veins, but in 
different parts of the same vein. Thus, in some cases, pyroxene 
is the predominant mineral, and other si>ecies are present only in 
small quantities. At other times, ()rthoclase, apatite, or mague- 
siau mica makes up the great mass of the vein, and in other eases, 
calcareous spar. It is the veins of this latter mineral which have 
doubtless been, hy Emmons and other observers, described as 
intrusive veins of crysttdline limestone. Having generally a solidly 
crystalline lamellar structure, very unlike the more or less cav- 
ernous calcareous veinstones of the iirst class, and sometimes 
holding only sparsely dissemiuated crystals of one or more of the 
minerals which are common to the stratified limestones, such as 
pyroxene, mica, or apatite, the observer will often find it diflScult 
to determine whether a detached nniss, or an imperfectly dis- 
played out-crop of crystalline limestone, bebuigs to a bed or a 
vein. When, however, it is possible to make a thorough exanii- 
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nation of the locjilily, it will l>e foiiinl in the latter cuse that Ihe 
tluposit occurs in a fissiivo cutting the straliiicaliuii, tuul as well- 
defined walls. 

A bun dud arrangement of the mineral contents is often very 
well market'. Thus, while the walls may l>e coated with crystal- 
line homlilenac, or with phlogopitc, the body of the vein will be 
(illod with ai»atite, in the midst of which maybe found a mass 
of crystalline orlhoclase, or of logauite, occupying the centre (if 
the veiu. In other instances, portions of the vein will be occnpied 
by crystals of apatite, pyroxene, or phlogopitc, imbedded in cal- 
careous spar, which, in some other part of the breadth of the vein, 
or in ils prolongation, will so far predominate as to give to the 
mass the aspect of a coarsely crystalline lamellar limestone. 
Most of the well crystallized minerals described by observers, 
both on this continent and in Europe, as occnring in crystalline 
limestones, appear to be derived from calcareous veins like those 
just described. 

In like manner I have described localities of crystallized apatite 
as occnring in beds of limestones in Burgess, Ontario, where a 
subsequent" examination (while coniirming the existence of this 
mineral in the limestone beds of that region) has shown, neverthe- 
less, that the workable deposits are with few, if any, exceptions 
confined to the veinstones. 

From a lithological point of view, there cannot be any objection 
to extending the name of limestone to these calcareous veinstones ; 
l.ut genlogiciiUy, it becomes important to discriminate between 
them and those great masses of limestone which are sedimentary 
deposits. 

That these deposits of mineral matter, occupying fissures in the 
stratitied rocks, are not intrusive veins or dykes, but have been 
formed by g-adual deposition or accretion, is shown by the banded 
arrangement parallel to the walls, just noticed. Further evidence 
of this origin is seen in the manner in which the vanons minerals 
surround or inerust each other. Thus, small prisms of apatite are 
enclosed in large crystals of phlogopite, in spinel, and even in 
massive apatite; crystals or crystalline masses of caleite are 
imbedded in apatite and in quartz, and well-defined crystals of 
hornblende (pargasite) occur imbedded in others of pyroxene. In 
another example, small crystals of hornblende are implanted on a 
large crystal of pyroxene, and both of these are, in their turn, 
incrusted by small prisms of epidote. This latter ciystal was 



dbyGoogle 



14 



TWEKTY-FIRST REPORT ON THE STATE CABINET. [58J 



evitlciitly from a dvasy cavity, such as tlinse often met with, rep- 
resenting unfilled spaces in the midst of the veins, and lined with 
large and well-defined prisms of apatite or of pyroxene. 

While these associations evidently show a successive deposition 
of the various mineral species, another phenomenon, sometimes 
observed in vein-crystals, is presented by a prism of yellow 
idocrase from a veinstone of orthoclase and pyroxene in Grenville, 
Quebec. One extremity of the prism, which is about half an inch 
in diameter, is imbedded in the matrix of the two minerals just 
named, while the other, being broken across, shows that the 
idocrase forms but a thin incrusting shell, and is filled with a con- 
fused crystalline aggregrate of orthoclase, holding a small pi'ism 
of zircon. This would show that a skeleton-crystal, such as is 
sometiiucs seen in crystallizing solutions, bad at first formed, and 
was subseqnently filled up with the other minerals. Similar cases 
are well known to mineralogists; tlius the crystals of zircon from 
Laurentian veins in St. Lawrence counfy. New York, arc some- 
times filled with calcareous spar ; and a granitic vein at Iladdani, 
Conneclicut, has afforded prisms of beryl filled with a mixture 
of orthoolase and quartz holding minute crystals of garnet and 
of tourmaline. A strong confirmation of tlie view that these 
minerals have been deposited in their veins from solution, is 
afibrded by certain phenomena u<)t hitherto explained, which 
were, I believe, fii-st noticed by the late Dr. Emmons. He ob- 
served that crystals of quartz imbedded in crystalline limestone, 
in Eossie, New York, have their angles so much rounded that 
the prismatic form is almost or entirely eftaced, the surfaces 
being smooth and shining. This appearance, although not con- 
stant, is observed in many localities, and is not confined to quartz 
alone — crystals of apatite and of carbonate of lime sometimes 
exhibiting the same peculiarity. At the same time as I'emarked 
by Dr. Emmons, the feldspar, scapolite, iJ}'roxeoe, zircon and 
sphcne of these limestones present perfect forms, the crystals of 
orthoclasG, even in contact with the rounded crystals of quartz, 
retaining their sharpness of outline. Dr. Emmons considered the 
rounded angles of these cyrstals to be duo to a partial fusion, 
though at the same time he did not overlook the fact that the 
quartz, apatite and calcite were less fusible than those species 
which, under simi]^r circumstances, retained their crystalline forms 
intact {Geology of the First Dialrict of New York, pages 57, 58). 
These obsci-valioiis have since been abundantly confirmed in 
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CanaJa. The crystals of apatite in Elmsleyaiid Burgess, Onty.rio, 
rarely present sharp or well-defined forms; but whether lining 
driisy cavities, or imbedtlod in the calcareous veinstone, present 
rounded or sub-cylindrical crystalline masses, while the pyroxene 
and sphene, which often accompany them, preserve the sharpness 
of their angles. The hypothesis which would explain by igneous 
fusion this rounding of the angles, is evidently untenable, first, 
because the more t'uwible species show no signs of such action, 
and, second, because the carbonate of lime, which encloses and 
even penetrates iho rounded quartz crystals, is not in any way 
afiected at the surfaces of contact as it would have been by fused 
or half-fused quartz. This rounding of the angles of certain crys- 
tals appears tome to be nothing more than a result of the solvent 
action of the heated watery solutions, from which the minerals 
of these veins have been successively deposited, the crytals pre- 
viously formed being partially redissolved as a result of some 
change in the temperature, or in the chemical constitution of the 
solution. Heated solutions of alkaline silicates, as shown by 
Daubrfee, are without aelion on feldspars, as might be expected 
from the fact, observed by him, of the production of crystals of 
feldspar and of pyroxene in the midst of such solutions. These 
liquids would, however dtmbtless attack and dissolve phosphate 
of lime, which is, in like manner, decomposed by solutions of alka- 
line carbonates, and these latter at elevated temperatures attack 
and dissolve crystallized quartz. 

The regularity, and the frequently large dimensions of the 
crystals, not less than their modes of association, and the other 
phenomena just mentioned, serve to distinguish the minerals 
of these veinstones from the same species which are found dis- 
seminated in the liuiestono beds. In the latter case they some- 
times occur in small distinct crystals, but more generally in 
rounded irregular grains, which present a marked contrast to the 
same minerals occuring in the veins. This rounded form of the 
minerals in the beds of limestone, is to be carefully distinguished 
from the rounding of the ciystals in the veins just described, 
although the two phenomena have hitherto been confounded by 
those who have written upon the subject. In the latter case the 
rounding is by no means constant, and is confined to a few spe- 
cies, while in the limestone beds it will be found that a rounded 
form characterizes alike apatite and quartz, and such silicates as 
pyroxene, hornblende, serpentine and chondrodite. The rounded 
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shjipt'S iissiimed liy these mincnils in limestone, and especijilly 
by the silicjites just meiitionet!, have been noticed l»y Niinratuni 
and Delease, umoHg olhers ; nnd the latter observer su|>po?eit 
that this condition might be due to a repulsive action between 
the particles of the silicates and the surrounding calcareous mat- 
ter when both were in a plastic slate under the influence of water 
and heat. The observations of Dawson and myself, and the 
latter ones of Giimbel, however, as detailed on pages 43 and 44, 
demonstrate that this rounded form, in man}' cases, at least, is due 
to no such subsequent action, but has been given by the calcareous 
organic structure, in whose chambers these silicates were origi- 
nally deposited. It would, however, be premature to say that this 
explanation is of universal application, but it niuy be affirmed in 
general terms, that certain external forces have, in the limestone 
beds, prevented the free development which these mineral species 
naturally assume while in the veinstones. On the contrary, the 
rounding of the angles of certain crystals, to the exclusion of 
olhers, is due to a partial dissolution of the previously formed 
crystals. 

As already remarked, it is impossible to di'aw any definite line 
between the veins just described and those already mentioned as 
placed in the preceding class, and generally designated as granitic 
veins. Most of their characteristic niincrals are common to the 
two clai^scs, and it is easy to trace a gradual change from the 
typical granitic veins, to those in which carbonate of lime is the 
predominant mineral, and which are to the crystalline limestones 
what the former are to gneiss and mica-schist. In both cases I 
conceive that they derive their mineral conlcnts from the adjacent 
strata, whose fissures they fill, and are entitled to the name of 
segregated veins. In both cases, also, it must be borne in mind 
that other vacant spaces in the strata, whether resnlting from con- 
traction, solution, or other causes, may present conditions for 
deposition similar to those of fissures, and may thus give rise to 
diusy cavilies, or to detached masses of crystalline minerals iden- 
tical to those of the veinstones. This view of the origin of granitic 
veins from solution, and their distinction from intrusive granites, 
has been insisted upon by me in the Geology of Canada, pages 
477, (i44, and since, with more details, in my Contributions to 
Lithology in the Amei-icaii Journal of Sceince [2j. xxxvii, 252. 

To resume, then, it may be said that besides the fissures filled 
with igneous injected granite, forming what maybe distinguished 
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as granitic dykes, there are other fissures which have, by a slow 
deposition from solutions, been tilled with tlie constituent minerals 
of granite, constitnting true granitic veinstones, which, unlike the 
granitic dykes, ai'c often rich in foreign minerals. These aggre- 
gates pass l)y gradations into the pyroxenic and calcareous vein- 
stones already noticed. It is from not knowing this distinction 
that Durocher, Foiirnet and others have perplexed themselves with 
strange hypotheses in attempting to explain the phenomena pre- 
sented by the assoeiiitions and juxtapositions of mineral siiecies in 
granitic veinstones, which they imagined to have been formed, 
like granitic dykes, by the consolidation of a fused or pasty mjuss, 
instead of being the result of a slow deposition from solution. 
For convenience of definition, I have elsewhere distingiiislied Ihcse 
veinstones by the title of endogenous rocks, as describing the con- 
ditions of their formation. The intrusive dykes, on the other 
hand, I have called exotic, and the sedimentary strata, indigenous 
rocks. 

As to the conditions under which these various minerals have 
been crystallized, the beautiful researches of 8orby furnish i:s 
considerable light. The limestones, from Somma, near Naples, 
afford, in a finely crystallized state, the greater number of the 
mineral species met with in the Iiaurentian limestones of North 
America, and the crystals of hornblende, idoerase and orthoclasc 
from that locality contain small cavities, often of microscopic 
dimensions, partially filled with water, holding in solution alka- 
line chlorides, sulphates and carbonates. As these cavities were 
filled with liqnid during the fin'mation of the crystal, the sul)se- 
quent cooling has produced a partial vacuum ; this is .again filled 
on heating the crystal to the temperature at which it was formed, 
which ill this way may be approximately determined. Mr. Sorby 
ff>uud, by this method, (hat the hornblende, idoerase and feldspar 
irom the limestones of Somma must have been crystallized at from 
StiO" to 380" Centigrade, a temperature equal to that of low red- 
ness. The crystals from the gnmitic veins of Cornwall, including 
quartz, mica, orthoclase and oxyd of tin, all of which contain cavi- 
ties holding watery solutions, have shown, in like manner, to Mr. 
Sorby, that these minerals must have been deposited at tempera- 
tures approaching those deduced for the minerals from the crystal- 
line limestones of Somma, or from 200° to 340° Centigrade (from 
3»2" to 644° Fahrenheit) {Qmi: Jour. Ge.ol. Soc, London, xiv, 
453). He thence concludes that these minerals have crystallized 
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at temperatures in some eases equsil to that of low redness, under a 
pressure equal to that of several thousand feet of rock, and in the 
presence of water holdiug in solution a large amount of alkaline 
salts, which can in some iustancos be detected in the liquid from 
these cavities. 

These conclusions are supported hy the experiments of Dauhree, 
who succeeded in forming crystallized pyroxene, feldspar and 
quartz, in the presence of alkaline solutions at a low red heat. 
De Senarmoiit also obtained crystallized fluor-spar, sulphate of 
bavytes and quartz, in the presence of water, at tenipei'atnrcs 
between 200" and 300° Centigrade. The deposits from th'j ther- 
mal waters of Plombi^res, however, show that some hydrous 
silicates, like apophyllite, harniotome and chuhazite, may be crys- 
tallized at temperatures below that of boiling water, and there 
are reasons for believing that quartz may also be crystallized at 
low temperatures. Thus, while the observations of Sorby show 
the temperatures at which certain minerals have been crystallized, 
it does not necessarily follow that some of these crystals may not 
be generated at lower degrees of heat, which, for the minerals 
found in nature, must, in each case, be determined by experiments 
like those of Mr. Sorby. 

It will be readily understood that the conclusions as to the con- 
ditions of temperature under which certain minerals have been 
crystallized, apply with equal force to those freely deposited in 
fissures or cavities of the sedimentary rocks, and those which may 
have cyrstallized in the midst of the deeply buried sediments 
themselves ; since these must have been permeated with the same 
solutions which circulated in the fissures, and which, in fact, derived 
from the beds their dissolved mineral mattem The solvent power 
of waters holding alkaline carbonates and silicates, and heated to 
300° or 360° Centigrade, is probably very great. The questions 
of the generation of many of these silicates, and of the original 
composition of the sedimentary rocks, will be discussed further on. 

Those who have written on crystalline limestones, and on their 
mineralogy, have, for the most part, neglected the distinction 
between the rock and its veins; (hus Delesse in his elaborate 
memoir on the minerals of crystalline limestones, does not even 
allude to it. Incidentally, however, several observers have noticed 
the occurrence of various crystallized minerals in veins among the 
Laurentian limestones of New York and New Jersey. First among 
these may be mentioned Pnif. Charles Upham Shepard, who, in 
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1832, published a description of the minerals of Orange county, 
New York {Amer. Jour. Science [I], xxi, 321). Prof. H. D, Eogers 
also, in his Final Report on the Geology of New Jersey, notices 
the occurrence of aggregates of carbonate of lime, with feldspar, 
hornblende, pyroxene, sphene, spinel, etc., forming dykes or veins 
in the crystalline limestone of that region ; and shows, moreover, 
that the franklinite and red zinc ore, with their associated minerals, 
occur in calcareous veins. Finally, Mr. W. P. Blake, iu describ- 
ing a locality of the iii'st mentioned group of minerals in Vernou, 
New Jersey, declares it to have the characters of a segregated 
vein (^Atner. Jour. Science [2], xiii, 116). Despite these obaerva- 
lious, however, Emmons and Mather did not regard the distinction 
which evidently exists between the bedded limestones and the 
veins, many of which, from a predominance of carbonate of lime 
in their composition, became confounded in their eyes with the 
limestones themselves, leading both of these observers, as wc 
have already seen, to admit the existence of eruptive limestones ; 
while Emmons even concluded that all the limestones of the 
northern Laurentian district of New York were non-stratified, and 
of eruptive origin. A careful geognostic study will, however, we 
think, suffice to show that by far the greater part of the calcareous 
rocks in the Laurentian system of North America are stratltied, 
and that the so-called eruptive limestones are really calcareous 
veinstones, or endogenous rocks, generally including foreign 
minenils, such as pyroxene, scapolite, orthoclase, quartz, etc. 
These, in other veins, predominate to the exclusion of carbonate 
of lime, and then present aggregates approaching in composition 
to the granitic veinstones, into which they pass by the exclusion 
of calcareous and magnesian minerals, such as calcite, apatite, 
pyroxene, maguesian mica, scapolite, etc. These species serve to 
distiuguish the veins of the limestone groups from the proper 
granitic veinslones, in which latter, orthoclase, albite, quartz and 
muscovite are the characteristic minerals. 

The so-called Primitive Gneiss formation of Scandinavia has 
long been regarded by the Geological Survey as belonging to the 
Laurentian system {Esqidsse Geologique du Canada, p. 17 : Geo- 
logy of Canada, p. 58ti), and is associated with crystalline lime- 
stones, which have afforded most of the minerals that are to be 
met with in the Laurentian limestones of North America, together 
with many additional species. Such of these minerals as are com- 
mon to the two regions, offer close r,:scmblances, not only in their 
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cliuriicters an<3 associiitious, but also in the motlc of their occur- 
reuce. These resemblances were in fact noticed so long ago as 
1827 by Dr. William Meade {Ama: Jour. Science [ij. xii, 303), 
who called attention to the great similarity between many Scandi- 
iiavian minerals, particularly from the vicinity of Arendal, and 
those fonnd in Orange county, New York, and in Sussex county, 
New Jersey. He instanced, among others, the species pyroxene, 
chondrodite, scapolite, garnet, sphene and ilmenite. Danbr6e, 
who in 1843 published an instructive account of his examination 
of the metalliferous deposits of Norway and Sweden, fiii'nislics 
some interesting details of the ininernls associated with the beds 
of magnetic iron ore in the vicinity of Arendal {Ann. des Mines 
[4], iv, ijp. 199, 282). The ore is here found, sometimes in gneiss, 
and at other times in a gneissoid rocii, consisting of vai'ious admix- 
tures of pyroxene, hornltleiidc, garnet, epidotc and mica, the whole 
associated with crystalline limestones. These strata are cut by 
numerous well defined but irregular veins, which are described 
by Daubr6e as granitic or syenitic in character, and have yielded 
the following minerals ; Orlhoclase, scapolite, quartz, apatite, 
lamellar carbonate of time, hornblende, black mica in large plates, 
garnet, epidote, allanite, gadolinite, a.\imte, aircon, sphene, spinel, 
specular iron, and more rare]3', beiyl and leucite. Serpentine, 
chondrodite, lievrite and corundum are also enumerated among 
the minerjils of the district, though not especially mentioned by 
Daubr6e as occurring in the vcin-a. In addition to the species 
already mentioned, these veins contain datholite and apophyllite, 
with analcime and various other zeolites, which arc, however, pos- 
sildy of later origin than the other minerals. These veins some- 
times include irregular fragments of the wall-rock, and present 
cavities lined with ciystals, showing, not less clearly than the 
veins which we have menti(med in the Laurciitian rocks of Canada, 
that they have been formed liy the progressive tilling up of fissures 
in the strata. 

In some instances, these veinstones, by the absence of calcareous 
and magnesian mii>cra1s, become granite-like aggregates of ortho- 
clase and quartz. Daubree, however, having reference to their 
structure, calls all of these veins granitic, though they sometimes 
contain lamellar carbonate of lime. He agrees with Scheerer in 
supposing them to have been filled by segregation or sccrcfion 
from the surrounding strala, while Durocher, on the contrary, re- 
jected this view, and supposed them to have been filled by injection. 
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These veins are seldom of great extent, and near Stockholm, where 
they are very abiiiidant, rarely exceed 300 feet in length. 

At the u-on mines in the island of Utoe, where the ore is ,i mix- 
ture of magnetic and specular oxyds, occurring in beds, with horn- 
blendic rocks passing into gneiss, or with crystalline limestone 
holding hornblende and mica, granitoid veinstones, like those of 
Arendiil, are met witli, holding orthochise and quartz, with tour- 
maline and oxyd of tin, together with the rare minerals, petalilc, 
spodumene and lepidolile, which occupy the central portion of the 
veins. This association is the more worlliy of notice, as the only 
other known locality of the rare mineial petalite (if we except the 
castor of EII>a) is in the crystalline limestone of Bolton, Massa- 
chusetts, where it occurs with scapolite, hornblende, pyroxene, 
chrysolite, spinel, apatite and ephenc — the characteristic minerals 
of similar limestones in Canada, New York and Scandinavia. 

Tiie occurrence of oxyd of tin in the above associations is not 
without interest in relation to the economic mineralogy of the 
Laurenlian system, to which the rocks of Utce probably belong; 
and it is well lo recall, in this connection, the existence of tin ore 
ill rocks, probably of the same age, at Pitkaranta, on Lake Ladoga, 
in Fiidand. A rock consisting of greenish lamellar hornblende, 
wilh garnet, epidote and pyroxene, is there iiiterst rati tied with 
mica-slates, sometimes graphitic, and with a granitic gneiss, (ho 
series being cut by granite-like veins. In eertaiu beds of tlie horn- 
blendic rock, magnetic iron is disseminated to such an extent that 
the mass becomes an iron ore. This is occasionally associated 
with oxyd of tin, which in some parts predominates, so that the 
ore is mined for this metal. Other hoi'ublendic beds in the series 
are rich in copper pyrites, which is also disseminated in the mica- 
slates, and is sometimes iu;compamed by sulphurets of lead, zinc 
and molybdenum {Durovher, Ajin. des Mines [4], xv, 310). These 
associations should not be overlooked in the study of out- Laurcn- 
tian rocks, which may yet be found to be tin-bearing. 

Another mineral which may possibly be met with in the Lau- 
rentian rocks of Canada is gold, since small quantities of the pre- 
cious metal are found in several localities in Swuidinavia, some of 
them probably, as that of *arbo, near Arendal, in rocks of Lau- 
rentian age. The gold of Scandinavia is, however, in such small 
quantities as to he nowhere made the object of mining. Details 
with regaid to it are given by Daubiee {Ann. det Mines [4], iv, 
2(35) and by Durocher {Ibid. [4J, xv, 371). Small quantities of 
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niercuiy, iii the forms of ciiiiiiibur and silver-amalgam, are also 
fouud associated with giileiia at Sala in Sweden, in crystalline 
limestones, probably Laurcntiaii. The notiou that gold belongs 
only t<t rocks of Lower Silurian age, was many years since dis- 
proved by its discovery in the Upper Silurian slates of Eastern 
Canada, aud more recently it has been shown that the great gold 
mines of California are in strata far more recent, and chiefly of 
the Jurassic and Triussic periods. 

[Since the writing of this report, native gold has been fonnd in 
the county of Hastings, under several conditions ; first, associated 
with argentiferous fahlerz and with mispickel in small veins of 
bitter-spar, calcite and quartz cutting magnesiaii limestones, in 
Madoc; second, in a quartz vein in Marmora; and thirdly, in 
small irregular veins cutting magnesian limestone, with feriilerous 
bitter-spar, black hornblende, quartz and a black coaly matter, in 
which, as well as in the bitter-spar, the gold is disseminated in 
plates and crystalline scales. This last locality Is also in Madoc, 
Ontario. See the Eejiort of T. Sterry Hunt and A. Michel on 
gold in the county of Hastijigs, 1867.] 

The existence of the Laurentian system in Bavaria and Biihcmia, 
as already slated, has lately been established by Gumbel, both hy 
strati graphical and palseontological evidence. He finds in Bavaiia 
an ancient gneissic senes, estimated as not less than 90,000 feet in 
thickness, and by him divided into a lower portion, chiefly of red 
or viuiegated gneiss, which he calls the Bojian gneiss, and un 
upper portion, distinguished as tiie Hereynian gneiss. To this 
succeeds a scries consisting chiefly of micaceous schists, with liorn- 
blendic and chloritic bunds, overlaid by what he calls the Herey- 
nian chty-slute ftmnation, which immediately underlies the primor- 
dial zone of the Lower Silurian system. The prevailing character 
of the Hereynian gneiss is greyish, very quartzose, often containing 
black magnesiau mica, and frequently having au admixtiire of oli- 
goelase. Great portions of this gneiss are also marked by the 
presence of iolite or dichroite, giviiig rise to a distinct variety of 
rock, the so-called iolite-gneiss or dichroite-gneiss. Beds of lunu- 
bleude slate, diorite and horiddcndic gneiss are also abundant in 
this series, particularly in the vicinity of the limestone bands, 
and are often accompanied by beds of metallic sulphurels, and by 
lenticular masses and beds of graphite, which sometimes inipieg- 
mites the beds to such an extent as to be wrouglit with profit. It 
is in these strata that the well-kii<m-n plnmI)iigo deposits of the 
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vicinity of Pussnii sire found, iiiiJer cone] it ions closely similar to 
those of Canada and New York, in the same geological system. 
The crystalline limestone baud near Pjissau, which occui's in horn- 
blendic <fneiss, is from tifly to seventy feet in thickness, and is 
directly overlaid by a bed of several feet of hornblende slate, 
between which and the limestone, a bed o{ three or four feet of 
serpentine is interposed, and in other parts a layer of nearly com- 
pact scapolite, mingled with liornbleiule and chlorite. The strati- 
fied granular limestone beneath contains, among other minerals, 
serpentine, cbondrodite, hornblende, mica, scapolite, gai'iiet and 
graphite ; the disseminated serpentine here, as in Canada, replac- 
ing the Eozoon Canadense. 

The occurrence of lolite, as a frequent element in the Laurentian 
gneiss of Bavaria, is a fact of interest, inasmuch as it is also one 
of the minerals of the same ancient gneiss in Scandinavia, and may 
Ise looked for in this country, although it has not yet been detected 
in the undoubted Laurentian rocks of North America.* 

The Hercynian clay-slate series of Bavaria, already referred to, 
and supposed by Gumbel to correspond to our Huronian series, 
includes a formation of crj'Stalline limestones more than 300 feet 
in thickness, containing, like the older limestone of the Lanren- 
tian sj'stem, graphite, ehondrodito, hornblende and serpentine, the 
latter two minerals replacing a peculiar and distinct species of 
Eozoon, named Eozoon Bavaiicum. 

Allusion has been made to the crystalline limestojies which 
occur in Bolton and the adjoining towns in Eastern Massachusetts, 
and resemble in geognostic and mineralogieal characters those 
of the Laurentian system. There are, however, not wanting rea- 
sons for. supposing them to belong to a more recent geologic 
period, and the facts recently observed in Bavaria, and detailed 
above, show what was antecedently probable, that similar mijie- 
ralogical characteristics may be found in crystalline limestones of 
very different ages. 

In this connection, it is not without interest to recall the mineral 
characters of the rocks of Ceylon, which present many striking 
resemblances to the Laurentian strata of North America, and may 
perhaps be found to belong to the same system. The island was. 
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SO long ago as 1818, doscrilicd l>y Dr. Jolin Davy (Trans, GeoL 
Soc, London, 1st series, v. 311) as made up of old fcldspathic 
gneiss and gneissod limestone, together with gramilav cryslalline 
limestone and dolraite, both in moiintiiiii masses aiid in veins, the 
latter sometimes white and lamellar, and enclosing spinel iind apa- 
tite, prisms of jcMow mica, cinnamon-stone gtunet, yellow tonr- 
inaliiieand zircon, the latter two minerals associated with feldspar 
and quartz. The lamellar graphite, so abundant in the island, was 
regarded by Dr. Davy as the characteristic associate of the gems, 
spinel, zircon, ganiet, etc. Anhydrite exists there in (hegneissoid 
limestone, which he found to be impregnated also with sulphate 
of magnesia, nitre wid nitrate of lime. In addition to these mine- 
rals may he mentioned sapphire and chondrodite, which are found 
together, imbedded in lamellar calcite, in Ceylon, and were men- 
tioned hy me in the Report on the Geology of (Januda for 1847, 
page 134, as similar to those of our Laurentian rocks. 

It is now proposed to consider the minerals of the limestones, 
wilh their accompanying bods of pyroxenite, gneiss, etc., whicli 
together constitute what we have denominated the limestone 
gronps of the Limrentian system. When the mineral species occur 
disseminated in the stratified or indigenous rocks, and form an 
integral part of them, they will be designated as bed minerals, but 
when, on the contrary, they appear to belong to endogenous 
masses, occupying fissures or cavities in the strala, they will be 
spoken of as vein-minerals. The study of the species found under 
these two conditions will show that nearly all the minerals met with 
in the veins likewise occur disseminated hi the strata, and will per- 
mit the inference that it is from the latter that the vein-minerals 
have all been derived. In the case of such as contain the rarer 
elements, however, it may well be supposed that these are so dif- 
fused through the imiss of fhe sediments, that it was only when 
concentrated in the veinstones that they are capable of being 
recognized by mineralogical characters. It is nevertheless evident 
that, in certain cases at least, the particles of the sedimentary 
strata have at (nie time possessed a snfBcieut mobility to permit of 
crystallization, and of a partial segregation and grouping of their 
heterogeneous elements. 

In the following list are included all the minerals, so far as yet 
known, which may be regarded as belouging to the Laurentian 
limestones of North America, and their immediately related strata. 
In addition to the rocks of this denomination in Canada, and in 
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northern Now York, are to be aJded those of the Highlands of 
the Hudson, and their extension in Orange county, New York, and 
in Sussex county, Now Jersey. The observations of Prof. J. Hall 
and Sif William Logan upon these rocks in tlie Highlands, have 
confirmed the views of those who had previously Jisscrtcd them to 
he older than the Lower Silurian scries, and shown that they are 
doubtless of Lanreutian age. This more southern area is much 
better known and explored thau the comparatively wild and uncul- 
tivated Laurentian region of Canada, yet with tlie exception of the 
remarkable zinciferous minerals, franklinite, red zinc ore, wille- 
mite and dysluite, which are confined to a small section in New 
Jersey, nearly all the mineral species of those limestones found in 
the United States have already been recognized in Canada. 
Minerals op the I>aurestian Limestones of Norts America 



Calcile. 

Dolomite. 

Fluor-spar. 

Heavy-spai'. 

Apatite. 

Serpentine. 

Chrysolite. 

Chondrodite. 

Tephroite. 

Willeniile. 

Wollastonite. 

Hornblende. 

Pyroxene. 

Babingtonite. 

Pyrallolite, 

Tale. 

Gieseckite. 

Loganite. 

Scapolite. 

Orthoclase. 

Oligoclase. 

Phlogopitc. 

Margai'ite. 

Clintonite. 

Tourmaline. 

Garnet. 

Idoerase. 



Epidote. 

Allanite. 

Zircon. 

Spinel. 

Volknei-ite. 

Corundum. 

Quartz, 

Si)henc. 

Warwick] te. 

Ilmenitc. 

Rutile. 

Magnetite. 

Hematite. 

Franklinite. 

Zineite. 

Cubic pyrites. 

Magnetic pyrites. 

Copper pyrites. 

Mispickle. 

Fahlerz. 

Bismn thine. 

Blende, 

Antimony glance. 

Molybdenite. 

Gold. 

Graphite. 

Anthracite. 
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'So one 1)C<1 or vein probably has over been found to inchide all 
(lie mineral species of the above list, yet the composition of some 
oftliese veinstones is nevertheless very complex, as may be seen 
by the following examples. The first is from my own observation 
of the vein on the tenth lot of the fifth range of Grenville, Ontario, 
which cuts a crystalline limestone holding scales of mica and 
graphite, and has itself been mined as a source of the latter mine- 
ral. The minerals found in this vein are calcite, apatite, serpentine, 
wollastonite, pjTOxcne, ecapolile, orthoclase, oligoclasc, garnet, 
idocrasc, zircon, quartz, sphenc and graphite — fourteen species in 
all. A still larger number has been observed by Mr, W. P. Blake 
in a single vein, traversing crystalline limestone, in Vernon, 
Sussex county. New Jersey. He (here found calcite, fluor-spiir, 
chondroditc, hornblende, phlogopite, margarite, red spinel, red 
comndum, zircon, sphene, rutile, iimenite, pyrilesand grapbile, to 
which list he adds " hydrous pcroxyd of iron, and hydrous silicates 
of alumina" {Amer. Jour. /Science [2], xiii. ll(i). 

Those veinstones, as will bo seen from numerons examples in the 
following pages, are found travei'sing alike the limestones and 
tlieir various associated strata. In an instructive instance in the 
Clieever ore-bed at Port Honrj, New York, a vein is found in a 
bed of magnetic iron, of which it includes angular fragments. 
The veinstone, fr>r specimens of which I am indebted to Prof. 
Hall, consists of cleavable niswses of a greenish tricUnie feldspar, 
pyramidal erj'stals of quartz with rounded angles, octahedrons 
of magnetite, a substance resembling allanite, with a specific 
gravity of 4.09, and a d.ark green mineral with the cleavage of 
pyroxene, but having the hardness and specific gravity (2.713) 
of loganite. All of the elements of this remarkable aggregate 
with the exception of the magnetite, are in masses of an inch or 
more in diameter. 

Calcite. — In many of the veins traversing the strata of the lime- 
stone group, calcite is entirely wanting, or is present only in small 
portions ; but in others it occurs in large quantity, and so far pre- 
dominates that the veinstone is readily mistaken for a crystalline 
limestone, gcnci-ally coarse, bat sometimes very fine gi-ainfid, which 
is occasionally white, but more frequently yellowish, pink, flesh or 
salmon colored, and rarely pale blue. These ancient calcareous 
veinstones are sometimes nearly free from foreign minerals, but 
more frequently include cryslals, often of large dimensions, of 
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apatite, magnesian mica, pyroxene, brown toui'mallne, and other 
minerals. Driisy cavities* in the veins of mingled calcite and 
apatite in Bnrgess, are sometimes lined with large crystals of dug- 
tooth spar. We have already insisted on page 48 upon the fact, 
which is there for the first time pointed out, that it is these highly 
calcareous veinstones which have given rise, in North America at 
least, to the widely-spread notion of the eruptive oiigin of crystal- 
line limestones. 

Of calcite as a bed-mineral, conslilutiiig great stratified masses 
of limestone in the Laiirentian senes, it is not necessary here to 
speak. It is, however, to be remarked that in these limestones, 
as in those of later periods, we have now evidence that portions 
of the carbonate of lime once belonged to living organisms, as is 
shown in (he calcareous skeletons of the Eozoon. These, though 
sometimes preserved by injection with silicates, appear in other 
cases with their tubes and canals filled with carbonate of lime, 
evidently — like the silicates — a chemical deposit, and there is no 
doubt that a part of these limestones, like those of more recent 
formations, have been directly precipitated by chemical reactions 
from the waters of the ocean. The often repeated jissertion that 
organic life has built up all the great limestone formations, is based 
upon a fallacy, for animals have no power to generate carbonate 
of lime. Although many.inverteltrate animals construct calcareous 
skeletons, which form a great part of the limestone of the earth's 
crust, the pre existence of this carbonate of lime is one of the 
conditions necessary to their growth, and, as I have elsewhere 
shown, owes its origin to chemical reactions which are still going 
on in the ocean's waters, and which have in past times given rise 
directly to limestone strata, in which the occurrence of shells and 
corals is only accidental (Geol. Can., pages 575, (JSl). 

Dolomite. — As already pointed out in the Geology of Canada, 
pages 24 and 592, large beds of the Laurcntian limestones are 
magnesian, and sometimes have lUe composition of trne dolomites. 
These dolomites and magnesian limestones luive been found to con- 
tain serpentine, hornblende (tremolite), apatite, quartz and small 
portions of mica, and they may, perhaps, in difiereut localities, 
include all those mineral species which have been indicated as 
belonging to the limestone strat.a. It is to be remarked that the 
calcareous skeleton of Eozoon Canadense, which is carbonate of 
lime, is found, in specimens from Burgess, replaced bj' dolomite. 
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I'he mineral filling the chambers of the fossil is in tliis case 
logaiiite, but the delicate tiibiili, which are prcsei'ved in the 
Eozoon fi-om most other localities, have Jilmost entirely disap- 
pejiied; a fact perhaps connected with the removal of the calca- 
reous skeleton, and its replacement by dolomite. 

As a vein-mineral, dolomite has been but seldom observed in 
the Liviircntian veins. A magnusian carbonate of lime is, however, 
found in two localities in North Burgess, in one case forming the 
gangue of apatite crystals, and in the other of prisms of brown 
mica. The analysis of the yellowish sparry carbonate, in the latter 
instance, showed it to contain, besides carbonates of lime and mag- 
nesia, a notable amount of carbonate of iron aud a litl le curbonato 
of manganese. These complex carbonates requiie further study. 
The interesting results obtaiued by Jenzsch in the analysis of a 
similar white sparry carbonate, which, at Sparta, New Jersey, 
forms the veinstone of the red zinc ore and frauklinite, deserve 
to be recalled in this connection. He found the spar lo coiitjiin 
carbonate of lime 79.9G, carbonate of magnesia 1.94, carbonate of 
manganese 11.09, carbonate of iron 0.60, carbonate of zinc 0.58, 
besides 5.39 per cent, of fluovid of calcium, an ingredient which he 
has also detected in the calcareous spar of several othei' localities 
{Amer. Jour. Science [2], xsi, 197). 

Fluor Spar. — Inasmuch as fluorid of calcium enters into the 
composition both of the calcite and the apatite of these calcareous 
veins, we are prepared to find it separately crystallized, as fluor- 
spar, which occurs in several localities among the Laurentiau 
limestones of the United States, in veins with scapolite, chondro- 
dite, pyroxene, spinel, and other characteristic species. In Canada 
it is met with in Ross, Ontario, in small purple cleavable grains, 
imbedded, with prisms of apatite aud large crystals of spinel, in 
what has been described in the Geology of Canada, pages 461 
and 463, as a yellowish white crystalline limestone, and which, 
from its mineralogical characters, will probably be found to he a 
veinstone. In addition to this, a small vein, filled with cleavable 
pmple fluor-spar, was observed in the vicinity. The purple fluor 
which occurs with red heavy-spar, in fissures or cavilies in the 
limestone associated with the hematite of Iron Island, in Lake 
Nipissing {Gml. Can., pages 456 and 463), is probably also a vein- 
stone mineral, and I know as yet of no certain evidence that fluor 
occurs as a distinct species among the Laurentiau bed- minerals. 
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Heavy-Spar. — The heavy-spar found iit the Liiiirciitijiii rocks, 
gonenilly belongs to the recent or lejid-beariiig veins, but some- 
times appears in the older veins. lu addition to that Just mentionud 
as occurring iit Iii>n Island, small qiiautittcs of flesh-red himellar 
sulphate of biii-ytcs are found with qiiiutz, implanted on apatite, 
in a vein in Burgess. 

ArATiTE.^This is one of Ihc most aluiiidaiit minerals in flie 
Laurcntian veinstones, of which it somclinics conslilutcs (lie entire 
mass, appealing, as described on page Tlil of the Geology, as a 
crystalline, homogeneous rock, tiauslucent, with an uneven frac- 
ture, a vitreous lustre, and a grayish color, passing into greenish 
or reddish. It then resembles in its aspect some varieties of 
quartzite, and at other times consists of incoherent grains, resem- 
bling a disintegrating sandstone. Another variety is more coarsely 
crystalline, sea-green in color, and, like the lust, intermixed with 
a little black mica. In this instance, large and distinct prisms of 
apatite, with rounded angles, are observed penetrating the con- 
fusedly crystalline mass of the same mineral, which has apparently 
been deposited upon and around them. The locality of this variety 
is on the twenty-fifth lot of the eighth range of North Elmslcy, 
Ontario (which is described in the Geology as a bed, but is proba- 
bly a vein). There, adjoining three feet of nearly pure apatite, 
is found an admixture of crystals of apatite witlt crystalline flesh- 
colored carbonate of lime, accompanied by loganite and sphene. 
In several other localities in this region, outcrops of a precisely 
similar aggregate are found, which would be described as crystal- 
line limestones, generally reddish or pink in color, and including 
crystals and irregular crystalline masses of green apatite, sometimes 
ns.*oeiated with large prisms of magncsian mica. In those places 
where it has been possible to determine the attitude of these 
aggregates, it is very evident that they are true veinstones, cutting 
the bedded rocks of the country. Crystals of apatite several inches 
in diameter are often met with, and one in the Museum of the 
Geological Survey is eighteen inches long and twenty-six inches 
in circumference, and weighs about one hundred pounds. Like 
all the apatite cr3'stals from this region, its lateral and terminal 
angles are very much I'ounded. The ajjatite crystals of these 
veinstones are generally of some shade of green ; but in Eoss, 
ciystals of a reddish-brown color are met with, and otheis of an 
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olive grcci!, pasying into wax-yellow, iiiil>etldt'd with piirjile lluor, 
ill cju'bouate of lime. 

. TliQ crystals of aputitc from lliesc veinstones sometimes iucliule 
I'oiiiidcd crystals of quartz, or of curlxmate of lime, aiul on tlie 
contrary arc sometimes themselves imbedded, not only in carbon- 
iitc of lime and dolomite, but in massive apatite, in qnartz, in 
mica, or iron pyrites, in foliated grapliite, and probably in other 
minerals!. In one case, a crystal of apatite one-fourth of an inch 
in diameter and two inches long, was found imbedded in a large 
crystal of mica, one end only projecting from the side of the 
mica prism, with which the prism of apatite was at right angles. 
In Koss, crystalline grains of yellow apatite aro imbedded in octa- 
hedrons of black spinel. As already stated, prisms of apatite, 
often of large dimensions, line drnsy cavities in the veins of 
massive apatite, or of mingled apatite and pyroxene. In the 
latter case, large crystals of the two species are sometimes found 
grouped together like those from Snarum, in Norway. In the 
specimens from the latter locality, however, unlike those from 
Bnrgess, the -apatite prisms preserve their sharpness of outline, 
and, as well as the accompanying pyroxene, are partially incrusted 
with quartz crystals. 

Apatite occurs in the veins in Burgess incrusted with crystals 
of quartz, sometimes, smoky, ferruginous, or amethystine, and at 
Ticonderogu, New York, crystals of apatite are imbedded in 
miissivo vitreous quartz. The radiated and botiyoidal apatite, 
named cupyrchroite by Emmons, is worthy of notice as a peculi ;r 
form of the mineral ; it occurs with quartz, lirown tourmaline and 
allauite, filling a vein at Ticonderoga. The mineral from North 
Burgess, as shown in the Geology of Ccmadti, belongs to the 
variety fluor-apatite, the analysis of a pure massive specimen hav- 
ing given me phosphate of lime 91.20, lluorid of calcium 7.60, 
chlorid of calcium 0.78, insoluble 0.90 = lUO.48. 

Apatite as a bed-mineral is very frequent, both in the limestones 
of the Laurcntian system and their associated rocks. Small crys- 
tals of it are often disseminated through the limestone beds, gen- 
erally in very small proportion, but in some cases rising to two 
or three per cent, or even a much larger amount, though still 
in the form of grains or small crystals, often with pyroxene. 
These larger proportions of apatite appear to characterize certain 
beds or bands in the limestone. 

Apatite also occurs dissemin;ited in gndns or small masses. 
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marking tlie strittificalioii in tiie beds of the pyroxciiite, iind in 
one instance, to be descrihed further on. was observed foniiing ;i 
smtill iiitciTiipted lied in this rock. The magnetic iioii ore, which 
often forms beds in the imniediule vicinity of the limestones of the 
Lanrentiiui series, and, like the pyroxenite, is to be regarded as 
belonging to the limestone groups, contains in some places in New 
York, a la-ge admixture of grainis or small prisms of apatite, gene- 
rally reddish-brown, but sometimes colorless, and occasionally 
associated wJlh grains of green pyroxene. Specimens of a similar 
aggregate of magnetite and apalite are said to have been found on 
the Ottawa; and it is worthy of remark that (ho extensive beds 
of iron ore found in Lanrcnliaii rocks in Grangjiirde in Sweden, 
and consisting of an admixture of magnetic and specular oxy<ls, 
very generally contain grains of apatite, whose iircscnce is S'lp- 
poscd to depreciate ihe quality of the iron there manufactured. 
{Diirochej; Ann. des Mines [4], xv, 249). 

Sbkpentinb. — This species, thoiigh not very common in the 
Laurentian veinstones in Canada, sometimes occurs- in small dis- 
seminated grains, or in crystals of considerable size, imbedded in 
calcitc. Examples of this occur in North Burgess, where, in one 
locality, imperfectly defined crystals, an inch in diameter, and in 
another, small grains, with corundum, sphene, mica and pyroxene, 
are found; in both cases imbedded in calcite. A massive serpen- 
tine also occurs, forming the gangue of largo crystals of mica in 
northern New York. The large crystals of serpentine (sometimes 
enclosing a nucleus of chrysolite) from Snarum in Norway, which, 
according to Scheerer, are accompanied with mica, and imbeded in 
ilmcnite, or in magnesile, in the midst of gneiss, probably belong 
to a vein. Crystals resembling them occur in New York {Amer. 
Jour. Science [2j, xvi.) 

Distinct from these veins are the small seams filled with fibrous 
serpentine or chrysotilc, which are frequently found traversing the 
massive serpentines, or the mixtures of serpentine and limestone 
which make up great beds in the Laurentian series. Massive 
translucent serpentine often occurs as the mineral replacing the 
Eozoon Canadense, the canals of which are in such cases injected 
with this silicate. In some cases the unbrokcu calcareous skele- 
ton of the fossil is preserved in the serpentine, while in others, 
only broken and detached fragments of the skeleton are found, 
sparsely distributed through the serpentine. The presence of dis- 
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somiiiated grains of sevpetitiiie, in greater or less aluiiulaiicc, 
characterizes beds, both of pure limestone and of dolomite, in the 
Laiirentiaii scries; and beds of pure, or nearly pure, serpenliiie 
are also met with, sometimes enclosing scales of mica, grains of 
calcite, which, under the microscope, arc seen to be fragments 
of Eozooii, or finely disseminated peroxyd of iron, which gives to 
the serpentine a deep red color. Concretionary masses of serpeu- 
tine, sometimes exhibiting in the arrangement of ditferent colors 
a banded or agatJzed structure, are often met wilh, imbedded in 
the limestones, and generally have a nucleus of white granular 
pyroxene. These masses may vary from a few inches to a foot or 
more in diameter. 

I have already elsewhere described the composition of the Lau- 
rentian serpentines, their low specific gravity and pale coloi's — 
characters which are due to the small .amount of oxyd of iron, and 
the large proportion of water (equal to about fifteen per cent) 
which enters into thuir composition. These characters, together 
with that of the constant absence from them of chrome and nickel, 
serve to distinguish the Laurentian serpentines of North America 
from most others known, and to connect them with those from the 
old roeks of Scandinavia, with which they have a close resemblance. 

An analysis of the chrysotlle from a narrow vein traversing the 
Eozoon rock of Petite Nation seigniory, Queliec, gave me, silica, 
43.65; magnesia, 41,57; protoxyd of iron, 1.4(>; water, 13.48= 
100.16, 

Chrysolite. — -This species, which is found in the crystalline 
limestones of Sonnna, and, according to fiose, occurs with the 
serpentines of Snaruni, is known in the crystalline limestones of 
Bolton, Massachusetts, under the name of boltonite, which Messrs. 
Lawrence Smith and Brush have shown to be a pure magnesia- 
chrysolite. I place it in the list of Laurentian minerals, on the 
authority of Messrs. Hortou and Beck, according to whom, bol- 
tonite occurs in several localities in limestone, ossociaied wilh 
spinel and hornblende, in Orange county. New York (Beck, 
Minei-alogy of New York, page 283). It is not improbable that 
this mineral may be more widely diffused, and it has perhaps been 
confounded with chondrodite, like whji^h species, and like serpen- 
tine, it will probably occur both in beds and in veinstones, 

CiioxDRODiTE. — This fluosilicate of magnesia occurs in calcai'eous 
veins, generally with spinel, in numerous localities in the United 
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Sttitcs, but I have asyot notice J it in Cunadti only Jii beds, where 
dissoniiiiyted gituiis of chondrodite mark the places of stratifica- 
tion ill the limestone. In one instance, in a specimen of limestone 
from an unknown locality, the contact of two liiyers, one marked 
by grains of chondrodite, and the other by giains of serpentine, is 
distinctly seen. A similar association of the two minerals occurs 
at St, Jevfime, in the province of Quebec. 

Tepheoite, AVillbmite. — These two i-are species, the first a 
silicate of manganese, and the second a silicate of zinc, both of 
them having the general fonnnhi of chrysolite, with which the 
former is isoiiiorphous, have hitherto only been observed in North 
America, in Laurcntian veins, crystallized with the franklinite and 
rod zinc ore of Sterling, New Jei'sey, and its vicinity. 

WoLLASTONiTE. — This species forms considerable masses in the 
large vein already noticed in Grenville, where its associates in the 
veinstone are pyroxene, orthnclase, quartz, apjjtite and sphene. In 
smaller s[>ccimens it occui'S with the same associates in a vein in 
North Elmsley, while in Willsborough, New York, it is fonnd also 
in a vein with grains of green pyroxene, and red grannlar garnet, 
which latter in some pait predominates to the exclusion of the 
other mineials. 

As a bed-mineral 1 have observed it in North Bui'gess, sparsely 
disseminated in a limestone, with small quantities of green pyrox- 
ene, brown mica and apatite. In the same vicinity', interstratified 
with pyroxenite, are interrupted beds of rock made np of quartz 
and wollaatonite. Similar associations to these occm' elsewhere 
in the Lanrentian strata. 

HoRNHLENDE. — Tlic homblcode of the Lanrentian limestones is 
either in the form of tremolite, or more frequently in green pris- 
matic crystals belonging to the variety called pargasite. The 
rapliilite, a grayish fibrous hornblende, allied to tremolite, occurs 
apparently in a vein with quartz, mica, apatite and calcite. Large 
well-defined crystals of dark green pargasite are found implanted 
upon or imbedded in still larger crystals of pale-green pyroxene, 
in a vein described by Sir William Logan as occurring near the 
High Fails on the Madawaska, Ontario, cutting across alternating 
strata of gneiss and limestone, and having a breadth of not less 
than one hundred and fifty feet. The minerals filling this immense 
vein are chiefly a pale grayish-green pyroxene {sahJite}, pargasite, 
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eiileite, qiuirtz, mkti and black tourmaline, the crystals of the first 
iiumed miiieral being sometimes six inches thick, and as much as 
twenty-four inches in length, and those of the dark green horn- 
blende occasionally an inch both in length and breadth. (See 
Geol. Can., pages 35 and 46(5), This association of pyroxene and 
hornblende has been observed elsewhere in the Lanrentian rocks 
(page 49). Pargasite is frequently found in the apatite veins in 
Burgess, and sometimes forms the selvage of the vein where this 
cnts a honiblendic gneiss. Although this species frequently occurs 
ill the gneissoid rocks near the crystalline limestones, it is less fre- 
quent, as a disseminated mineral in the limestones, than pyroxene. 
In the stratified pyroxenite rocks, small poitions of hornblende, 
recognizable by their different crystallization and their darker 
green color, are not unfiequent. In some localities it appears to 
take the place of the pyroxene, and large beds of hornblende 
rock, passing into diorite and hornhlendic gneiss, are mot with. 
A radiated green hoi'nblende, actinolito, is sometimes found im- 
bedded in the magnetic iron ores. 

PrROXENE, — Repeated mention has ali'eady been made of the 
important rank which this species assumes in the LaureJitian vein- 
stones, in which the varieties diopside, sahlite or coccolite often 
form the predominant mineral. Its crystals are sometimes found, 
either alone or with mica, imbedded in calcite, or in contact with 
hornblende, wollastonite, orthoclase, scapolite, garnet, apatite, 
spinel, zircon or sphene. It often assumes a granular form, con- 
stituting what is called coccolite. A white aluminous diopside is 
found with apatite, gieseckite, etc., in Bathui-st, Ontario {Geol. 
Can., page 4fi7), and the hudsonite of Orange county, New York, 
is a black aluminous pyroxene. 

We have already mentioned the pyroxenite rocks, sometimes 
micaceous, and at other times mixed with hornblende, or with 
orthoclase, quartz and sphene. Pyroxene also sometimes occurs 
disseminated in the bed ; of magnetite, and grains or imperfect crys- 
tals ol' it, generally of a green color more or less deep, are common 
in the beds of li i.estone, and are also sometimes found in the 
associated qnartzites, A pure white granular pyroxene occurs, 
replacing, like serpentine, Eozoon Canadense. Large masses of a 
similar pyroxene are also frequent in these limestones, generally 
associated with serpentine, which often inorusts it, and small 
nuclei of this pyroxene frequently form the centre of concretion- 
ary masses of serpentine. 
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Babingtonite, — This mrc species, which helongs to the pyrox- 
ene group, is said to be t'ound iipcm ci-jstals ot' feldspar in Gou- 
vevnear, New York, and occurs under similar conditions in veins 
iicai' Arcndid in Norway. 

Pykallolitb. — This species, the reiificllaerite f Emmons, occurs 
in one locality in radiating columnar masses, with qiiariz, in a 
vein, and is also met with in beds, in contact with serpentine, with 
pyroxeiiitc, and in another case with limestone, and enclosing 
scales of mica and of graphite {Geoh Can., page 470). A com- 
pact earthy hydrous silicate of magnesia, having the characters of 
iiieerschauni or aphrodite, and the composition of the latter, occnrs 
in cavities in massive rensellacrite in Grenville {Ibid, page 473). 

Talc. — This species is closelj' related to the last, and the two 
may be looked upon as diinorphons conditions of the same 
hydrous silicate of magnesia. In the Lanrentian series, tale seems 
to he generally replaced by pyrallolite, but in one instance is 
observed mixed with carbonates of lime and magnesia, in such 
proportions as to give rise to a bed of impure steatite {^Ibid. 
page 469). Prof. H. D. Eogers hiis also indicated talc as occur- 
ring in a vein, with cuScitc, pyroxene and spinel, in Sparta, New 
Jersey. 

GiBSECKiTE.— This niinera'., which the careful researches of 
Prof. G. J. Brush have shown to be identical with the rock 
named dyssyntribite by Prof. C. U. yhepard, and with what I 
formerly described as parophite, is found in large crystals in 
northern New York, associated with calcite, brown pyroxene and 
mica, the as-gregate doubtless constituting a veinstone. Wilsonite, 
which, notwithstanding its apparently distinct cleavage-form, I 
have provisicnially included under the head of gieseckite, with 
which it is almost identical in composition, hardness and gravity, 
occurs also in a veinstone, in Bathurst, with calcite, apatite, white 
aluminous pyroxene and serpentine. The mineral which I once 
described by the name of algerite, is found in white calcite, among 
the Lanrentian limestones of Franklin, New Jersey, and has a com- 
position similar to that of gieseckite, although the form of the 
crystals appears to be a square prism. Whatever conclusions may 
eventually be arrived at relative to these hydrous silicates of alu- 
mina and potash, the assumption that they are results of a sup- 
posed alteration of nepheline, scapolite, etc., is purel3' gratuitous. 
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The occuvrence of beds of this compound, more or less pure 
(dyasyntribife niid piirophite), as a massive or schistose rock, alike 
ill the Laiireiitiait and Silurian series, leads us to assign to it a 
rank and an origin am.ing siicli roeks as serpentine, steatite, 
pyroxene, chlorite, gltiiiconite and epidote, all of which silicates, 
and many others, have been in most cases deposited as aqueous 
sediments generated by cliemiciil reactions at the earth's surface, 
and in many cases subsequently moditicd by crystallization, or 
molecular re-ariangement {Geol. Can., l)age 581.) 

As I have elsewhere remarked, although sparry in structure, 
gie.seckite and wilsonite have very nearly the chemical composi- 
tion of tho hydrous potash-mica, margarodite. In like manner the 
sparry silicates, pyrallolite and h)ganite, correspond to the foliated 
species, talc and pyrosclerite, of which they have the elementary 
composition, although differing entirely in structnre {Ibid, piigc 
49;). 

LoGANiTE. — This prismatic hydrous species, which I first de- 
scribed in 1848, has recently acquired a new interest. It occurs 
ill several places as a veinstone, in one case filling the central p<u'- 
tion of a vein of apatite, and inclosing calcite and sphene; and in 
another, in considerable masses, with large crystals of mica, im- 
bedded in a great vein of pyroxene. Evidence of its occurrence 
as a sedimentary mineral is afforded by the fact that in one locality 
it forms the enclosing and filling material of the Eozoon. 

[This species, numerous analyses of which will be found in the 
Geology of Canada, page 491, has been hy Dunn {Mineralogy, 4lh 
edition) referred to pyrosclerite, which he however described as 
possessing an eminent basal cleavjige, and in fact identical with 
the foliated micaceous minerals kaemniererite and vermiculite. I 
have maintained the distinctness of loganite from these, first, from 
the greater amount of water in its composition, and, secondly, 
from the entire absence of foliated or micaceous structure. Speci- 
mens declared to be the original pyrosclerite from Elba, which I 
have since examined, have, however, a sparry aspect, and a cleavage 
resembling that of pyroxene and loganite. The difference in com- 
position between loganite and pyrosclerite still remains to be got 
over; but if these two minerals are to te identiiied, neither of them 
can be confounded with kaemmererife or vermiculite, from which 
they differ as pyrallolite does from talc] 

In the Geology of Canada, page 490, attention has been called 
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to several other hydnnis ahimiiio-magiieaiaii siliciitcs approaching 
to logaiiite in composition, and resembling scrpeiiline or pjrul- 
lolite in sensible characters. Two of these, described and analyzed 
by Dr. Beck, occur in the Lanrentian limestones of Orange county, 
Slew York. Thes« form altogether an interesting and but little 
understood group of minerals, which are perhaps most important 
in the history of the crystalline limestones Ihan has hitherto been 
supposed. 

Orthoclase. — This species is common in Liiurentian limestones, 
generally with pyroxene and spheue, and sometimes accompanied 
by scapolite or a triclinic feldspar. The orthoclase of the veins is, 
as I have shown, sometimes a very pure potash-feldspar, while the 
variety named loxoclase by Breithaupt, which occurs with pyrox- 
ene in a Lanrentian vein in Hammond, New York, was found by 
Smith and Brush to have a predominance of soda {Geol Can., p. 
475). Large isolated crystals of white orthoclase are found, with 
spinal, apatite and floor, in a veinstone of lamellar pink carbonate 
of lime in Ross. The pcrthite of Burgess, which probably belongs 
to a granitic veinstone, is also an example of an orthoclase with a 
large amount of soda.* An orthoclase, reddish.brown in color, like 
the peithite, but without its avent urine-! ike reflections, also occurs 
in Burgess, mixed with a little quartz, and sometimes with green 
apatite, in the midst of a large vein chiefly of apatite and-ealcite, 
foi-ming II granite-like vertical laj'er, equidistant from the two 
walls of the vein. Orthoclase is sometimes disseminated in the 
beds of pyroxenite which accompany the Laurentian limestones, 
and are in that case interstratitied with beds of an aggregate of 
orthocliise and quartz, forming a granitic gneiss, into which the 
pyroxenite graduates. 

OiJGOCLASE. — To this species I refer provisionally, a white 
translucent triclinic feldspar, which occurs in small masses with 
orthoclase, pyroxene and sphene in a vein at Grenville, already 
noticed. A similar white feldspar, recognizable by the beautiful 
strialion of its cleavage planes, occurs with pyroxene and spheue 
in Willsborough, New York, and a dark green triclinic feldspar is 
fonnd with apatite, pyriles and magnetite near Dover, New Jersey, 
and with magnetite and allanite at Port Henry, New York. None 
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of these, SO far as I ntn aware, have boeii aiialysetl. The peris- 
teritc of Thompson, which, as I have shown, is an opalescent 
alhile, confainhig, however, a small portion of lime, belongs to a 
Laiirentian veinstone, and is accompanied by quartz and orthoclase. 
Portions of a feldspar are occasionally intermixed with the 
pyroxenic and hornlilendic strata accompanying the Laurentian 
linieslonos. This in some cases is orthoclase, as remarked above, 
but at olhcr times is evidently a trieljaic species, giving rise by 
its admixture with horiiblendo to a kind of diorile. The great 
beds of rock, composed chiefly of labradorite or related triclinic 
feldspars, which have been elsewhere described as belonging tn the 
Laurentian system, occur in that npper and unconformable division 
which has been designated as the Upper Laurentian or the La!)- 
rador series. 

ScAPOLiTE. — Under the head of scapoiite and its various syno- 
nyms, mineralogists have included a number of dimetric silicates 
allied to the feldspars, and sustaining to one another relations 
similar to those of the different triclinic feldspars ; the extremes 
being dipyre, the least basic, and meiouite, the most basic of the 
series. Scapoiite abounds in many of the Laurentian veinstones, 
often associated ivith pyroxene or sphenc (sometimes with ortho- 
chise), and frequently in detached crystals, imbedded in calcite. 
It will not improbably be found in the crystalline aggregates 
which make up some of the stratified rocks of the series, and has 
been observed by GOmbel under such conditions in Bavaria. See 
pages 47 and G7, 

Phlogopite.— The crystallized mica of the Laurentian calca- 
reous veinstones is a magnesian mica, and belongs to the species 
lihlogopite or biolite. The crystals, which occasionally afford 
laminae two feet square, are found imbedded alike in calcite, dolo- 
mile, ajiatite, serpentine and pyroxene. Packed close together, 
with bnt little intervening matter, large crystals of magnesian 
mica sometimes line tho walls of veins whose centre is filled with 
apatite. The laminte of the largo mica crystals ai'e often con- 
torted, and sometimes hold between them thin plates of calcite or 
quartz, or flakes of plumbago. In one case already noticed, a 
well-formed crystal of apatite was found imbedded in a prism of 
mica, which had evidently crystallized around it. Some of the 
tinest crystals of mica of niodciate size occui' inii>cdded in serpen- 
liiie, or with ciyslallized iiyioxenc, in calcite. 
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Small plates of niiea, probably a miignesiiiii ppeciea, iibountl 
both ill the limestone beds and the pyroxenites, and sometimes 
form layers of a schistose mica-roek, iuterstratiiied with the latter. 
Noii-magiiesian mieas, belonging to the species muacovite, mar- 
garodite or tepidolite, are oecasioitally fonnd in the quaitzo-felds- 
pathie veins of the Laiirenlian series, where compounds of linio 
and magnesia are wanting ; but it is not certain whether ihey ever 
occur with the calcareous veins or beds. As already remarked, 
the chemical composition of gieseckite, and of the minerals which 
we have provisionally associated with it (wilsonite, algen'te and 
ilyssyntribite) ia identical with the hydrons miea, margarodite, 
which ia thus represented in the Laui'entian series by these spany 
silicates, precisely as talc is there reprcscnied by pyrallolite 
{Geol. Can., pages 482-486 and 492). 

Maegarite. — This species, the emerylite of Dr. J. Lawrence 
Smith, which may be regarded as a hydrons lime-mica, is men- 
tioned by Blake as occurring with corundum, spinel and calcite in 
a Laureiitiau veinfttme in Vernon, New Jersey, but has not been 
elsewhere identified. 

Clintonite. — Tliia mineral, somewhat related hi composition to 
the preceding species, occurs in several localities in Orange county, 
New Y(jrk, with spinel and choiidrodito, iu calcareous veinstones. 
It has also been ol>served, with small crystals of blue spinel, in a 
calcareous matrix, in Daillebout, Quebec. 

Tourmaline. — This species frequently occurs in the calcareous 
Lanrentian veins, with pyroxene, hornblende, apatite and calcite. 
The finest crystals of brown t(mrmaline in Canada have been found 
in veinstones of flesh-colored calcite, either with or without pale 
green pyroxene, or in a veinstone of translucent quartz. Black 
tourmaline is also occasionally found with pyi'oxene, but is more 
generally met with in the granitic veinstones, with orthoclase and 
a non-magnesian mica. Tonrniaiine, in graijis or imperfect crystals, 
also occurs in the stratified rocks of the series. Iu one instance it 
appeara in small knot-like masses, in au impure grayish limestone, 
apparently marking the planes of stratification. 

Garnet.— This mineral freqnently occurs in the veins, some- 
times imbedded in orthoclase or in quartz, at others iu calcite. or, 
as at Willsbo rough, New York, forms granular masses, associated 
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witli wollajsloiiito and pyroxene. Garnet is moreover of frequent 
occurrence in the strata associated with the limestones, sometimes 
disseminated in grains in the pyi'oxenites, and more often in 
accompanying buds of qnartzite, in whieh it sometimes forms 
layers of red garnet rock. The strata of gneiss in the vicinity of 
the limestones often abound in garnet. 

loociiASE. — This species, nlthongh less abnndaiit than garnet, is 
found in several places associated with it. The occurrence in a 
vein of a skeleton-crystal of yellow idocrase, enclosing orthoclase 
and zircon, has been noticed on page 50. The same vein afi'ortls 
crystals of, eiiinamon-stone garnet. I have elsewhere described a 
boulder of ciystalline carbonate of lime, apparently a veinstone, 
found on the Ottawa, in which were detected small square prisms 
of idocrase, dodecahedrons of garnet, and terminated ti'iar.gular 
prisms of tourmaline, all three species being of a briglit yellowisli- 
browJi color. 

Erii>OTE. — This species occurs in several localities in calcareous 
veins among the Laurcntian rocks in New York and New Jersey, 
sometimes crystallized with orthoclase, pyroxeue and graphite, or 
as described by Prof. Henry Wurtz, imbedded in fine crystals in 
Ciilcite, in Byram, New Jersey. A specimen fioni Cold Spring, 
New York, exhibits a crust of small crystals of epidote coating a 
large prism of pyroxene. Although not hitherto detected in any 
of the Laurentian veins in Canada, epidote enters largely into the 
composition of the i>yroxenic and feldspatbic rocks wliich are asso- 
ciated with the limestones in the vicinity of the iron ores of Bel- 
mont and Seymour, Ontario. 

Allamite, whieh is regarded as a ccrium-epidote, occurs in some 
of the L^inrentian veins, associated with apalitc and tourmaline at 
Ticonderoga. and with quartz, feidspar and magnetite at Port 
Henry, New York, 

ZiBCOs, — This species is of frequent occurrence in the calcareous 
veins, ass()ciated wilh pyroxene, hornblende, orthoclase, scapolite 
and sphcne. In iVIuuroe, Orange county. New York, crystals of 
zircon abound in a gangne of magnetic iron ore with pyroxene and 
feldspar, and according to Durocher, zircon is also met with in the 
magnetic iron of Solberg, near Areudal, and at Langsoein Norway 
{Ann. den Jltiiei |'4J, xv, 229). Zu-con is also fuund disseminated in 
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large proportion in a gaiigue of black hornblende with a little feld- 
spar, in Cornwall, Orange eouiity. Largo and well-defined prisms 
of zircon, which occur with apatite and feldspar in Hammond, 
St. Lawrence county, New York, are sometimes, like the idocruHc 
noted above, skeleton crystals, tilled with cai'bonate of lime {Beck. 
Mineralogy of iVew York, page 381). 

Spinel. — This mineral is often abundant in the calcareous Lau- 
rentian veins, generally associated with chondrodtt«, pyroxene, 
clintonite, serpentine, ilmenite, and other species. Sometimes it 
is imbedded in calcite without any other mineral, as in Burgess, 
where a mass of pink limestone, probably a veinstone, has aflbrded 
fine crystals of black spinel an inch in diameter. In Eoss, similar 
crystals occur in a calcite vein with orthoelase, fluor-spar and 
apatite; grains of the latter mineral arc frequently imbedded in 
the spinel crystals. Small crystals of spinel are sometimes fomid 
disseminated in what appear to be stratified limestones. Although 
the spinel of the Lanrentian limestones is generally black, blue, 
red and green varieties are occasionally met with. The dysluite 
or zinciferous spinel is worthy of notice, as occurring in Stirling, 
New Jersey, with other zinc-beariug minerals. 

VoLKNERiTE. — To this spccies, a hydrous aluminate of magnesia, 
Dana lias referred the houghite of Shepard, from St. Lawrence 
county, New York, which occurs associated with crystals of spinel, 
and having the same octahedral form, but distinguished by a low 
specific gravity, and a softness like steatite. A gradation is seen 
from the hard spinels to the houghite crystals, which still inchide 
a portion of spinel, but consist chiefly of a matter having the com- 
position of vol knerite. It would seem that the crystallogenic force 
of the spinel has given its form to accompanying volkncrite. 
Small steatitic octahedrons, apparently similar to the houghite, 
have been found imbedded in serpentine, in Burgess, but require 
farther examination. The hydrotalcite, which is regarded as iden- 
tical with volkncrite, occurs with ilmenite in the Laurentian serpen- 
tine of Snarum, in Norway. 

Corundum. — Crystallized corundum, white, blue or red iu color, 
occurs with associations similar to those of spinel, which occasion- 
ally accompanies it. Crystals of corundum line cavities in the 
large spinels from Orange couuty. New York. The red crystals 
from Vernon, New Jersey, as described by Blake, like the idocrase 
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iiuil zirciMi mentioned !ili<ivt', often present a mere outer shell of 
coniiidnm filled up witli other niineiiils. The corundum found in 
Ciinada is imbedded in ciileite with pyroxene, spheue nnd mien, 
ami very closely resembling those associated with it at Vernon. 

Quartz. — The presence of crystalline quartz in the Laurentiau 

veinstones has already l>een repeatedly noticed. Sometimes, as at 
Gouvernenr, New York, it is found in crystals with rounded an- 
gles imbedded in crystalline calcite ; at other times implanted on 
apatite, as in Burgess, where the crystals are occasionally amethy- 
stine, smoke-brown or opaque-red in color, and unlike the apatite, 
lo which they are posterior, have not their angles rounded. 
Quartz is of very common occurrence in the veins, mingled with 
wollaslouite, pyroxene or ortliciclase, and a vitreous quartz is 
sometimes the gangue of crystallized brown tourmaline' and of 
apatite. It is also frequently disseminated in grains or small 
masses iu the limestone beds, or forms in the accompanying strata 
layers, in which it is sometimes mingled with wollastonite, with 
green pyro.xcne, with garnet, or with orthoclase. Besides these, 
thru layers and massive beds of quartzile arc frequent, and are 
often iutorstralified with the limestones. 

8phene — This is one of the most common minerals of the cal- 
careous Laurentiau veins, and its occurieiice and associations have 
already been repeatedly mentioned. It also occurs in small grains 
or crystals, jrenerally olive-brown in color, disseminated in fjie 
stratified limestones, or more frequently in the associated pyidx- 
enro and feldspathic strata. 

EuTiLE — Ilmenite. — Both of these species are occasionally found 
crystallized in Laurentiau veins with spinel, chondrodite, corun- 
dum, etc., or imbedded in serpentine. The imbedded grains and 
masses of ilmenite, often of great size, and sometimes inter-mixed 
with rutile, which occur at Bay St. Paul, Chateau Richer, and else- 
where in the province of Quebec, appear to belong to the Upper 
Laurentian or Labrador series, and neither of these minerals have 
as yet been met with in the proper Laurentian rocks in Canada, 
although oecuring iu several localities in New York. The ilme- 
nite crystals, with .serpentine, from Snanim, and with hornblende 
and calcite from Krageroe, are well known to mineralogists. 

Magnetite. — This important ii'on ore, which constitutes one of 
the principal sources of mineral wealth to the Laurentian regions 
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both of North Aniericii and of Hciiiidinavia, has been shown l)y tlie 
explonitions of the Goolngiesil survey in Canadji to occur in gio;it 
beds, tutei-stratiticd with the limestones of tbc sei-ies or in lliolr 
vicinity. This is cleavly (he case with all the considerable de- 
posits of ore hitlierto examined in Canada ; yet, as in the case of 
the crystalline limestones, thero are those who mainiain the erup- 
tive character and igneous ongiu of these masses of ore. Emmons 
looked upon the magnetic iron ores of northern New York as 
iutnisive masses, and Piof. H. D. Rogers in like manner regarded 
the magnetic iron ores of the Laurentian strata of New Jersey not as 
beds, but as real veins of injection {Final Report, Oeol. N. Jer«e>/, 
page 22). Dnrochcr in like manner, in describing the deposit of 
the same ore at Bispberg in Sweden, I'peaks of it as a "plutonic 
rock" inje::ted among the beds of gneiss in the plane of stratiJica- 
tion, and having a thickness of fiom eighty to one hundred feet. 
He elsewhere speidta of the injection of the masses of a simibir 
ore near Arcndal {Ann. des Mines, [4], xv, pp. 203, 204, 225). 
A careful study of his descriptions and plans will, however, we 
think, show that these great deposits of Scandinavia are, like the 
similar masses of ore in Canada and the United States, interstr.iti- 
fied sedimentary layers. At the same time there exists in favor 
of the view maintained by Emmons, Rogers, Durocher, and other 
geologists, evidence similar to that adduced in favor of the erup- 
tive origin of crystalline limestones ; that is to say, the fact of 
veinstones consisting wholly or in part of magnetic oxyd of iron. 
An interesting example of tliis occurs uear Dover, New Jersey, 
where large crystals of apatite occur in a gangue composed of tri- 
clinic feldspar and iron pyrites, imbedded iu which latter occurs 
crystalline magnetite in ronnded masses, sometimes half an inch 
in diameter, that were at first taken for ilmenite. Similar associ- 
ations l:ave been observed in other veins, and it is not improbable 
that the mixture of magnetite with a large proportion of zircon, 
described under the head of this species, may be from a veinstone. 
Another and an instructive instance is that desenbed by Sir Wil- 
lia-ii Logan as occurring in the township of Ross, opposite Portage 
du Fort. Here a vein, or rather a group of reticnlating veins and 
cracks, is seen in a white granular 'Laurentian limestone, cutting 
across the si ratification, and sending off branches on eilher side in 
the plane of the limestone beds. These veins vary from a six- 
teenth of an inch to two or three inches in thickness, and are 
filled with highly crystalline magnetite, which in contact with the 
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limestone piesc»t« in some psirts kige cubic and cubo-octiiliedral 
crystals. Two large veins, macle up almost entirely of ortlioclase 
and highly crystalline magnetite, each mineral ofttm presenting 
cleavage planes of a square inch or more, havo recently been met 
with in Buckingham, on the Ottowa. In these veins which inter- 
sect the gneiss, and have a breadth of nearly eighty feet each, 
the magnetite forms more than one-half the weight of the vein- 
stone. Olhcr and perhaps larger veins of magnetite may exist, 
and may Iiave given countenance to the theory of its eruptive 
origin, hut it is probable that few of the workable deposits of 
this ore are of the nature of veins. They appear to be conform- 
able to the stratification, and are cut by the same veins which 
traverse the adjacent gneiss and limestone. Moreover, they are 
impregnated with the same minerals as the accompanying strata ; 
grains of apatite, scales of graphite, calcite, feldspar, pyroxene 
and garnet are occasionally found disseminated in the ore, which, 
by a predominance of some of these mixtures, passes into the 
accompanyiiiy gneiss, or into hornblondic or pyroxenic rock. 

Hematite. — Among the Laurentian rocks of St. Lawrence and 
Jefferson connties, New York, several localities of crystallized red 
hematite, or specular iron, with brown spar and dodecabedral 
quartz, are met with, according to Beck, in small veins. In like 
maimer, in the township of Bristol, on the Lac des Chats, specular 
iron, in broad crystalline plates, occurs with qnariz, and also with 
calcite, in what appear to be true veins cutting the crystalline 
limestone and the adjoining gneiss. The octahedral peroxyd of 
iron, martite.whieh I described several years since as occurring with 
green hornblende, orthociase aud quartz, from Munroe, New York, 
is probably from a veinstone {Amer. Jour. Science [2], xiii, 372). 

The workable deposits of the granular aud compact varieties of 
hematite, which constitute the red iron ores of Northern New 
York and of Canada, appear, however, to be in all cases of the 
nature of beds, and the remarks with regard to the relation of 
the magnetic ores U* the stratification are equally applicable to 
the present species. Although the great deposits of iron ores in 
the Laurentian rocks are chiefly of the magnetic species, beds of 
red hematite have been described as occurn'ug in MacNab, on 
Iron Island, in Lake Nipissiiig, and elsewhere. In the Lau- 
rentian region of northern New York, in like manner the mag- 
netic oxyd is the prevailing ore, especially in the eastern portion, 
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while in St-. Lawrence county the red hematite predimiinatca, and 
forms very extensive deposits. In Beverley mid in Bastard, Onta- 
I'io, small bods of this ore occnr in the Potsdam sandstone, which 
there rests directly on the Laiirentian, and some of the other 
deposits of red hematite, already alluded to, may perhaps be 
f<nmd to rest upon this aneieiit system instead of forming part 
of it. 

The magnetic and homatitic iron ores are sometimes intimately 
associated both in Scandinavia and in Canada. A specimen now 
before me from the great magnetic ore bed in Unll, Quebec, con- 
sists of two parallel layers, each about an inch thick, the one of 
coai-sely granular magnetite, and the other of compact red hema- 
tite, not at all magnetic, the two being somewliat intermingled for 
half an inch at the junction. Grains of greenish feldspar are dis- 
seminated ill the magnetite, and both it and the hematite contain 
imbedded crystalline plates of graphite a tenth of an inch or more 
in diameter. A tilni of scaly graphite, moreover, coats the fiee 
surface of the hematite layer. 

Frankltsite, ZmciTE.— The two remarkable oi'cs, which arc 
fonnd together in Sterling and Franklin, Now Jersey, were long 
since described by Prof. H. D. Rogers as occurring in veins which 
traverse the crystalline limestone of the region (Final Report, 
Geol. JV. Jersey, 1840, pages 63, 04 and 69-71). Tlic red oxyd 
or zineite sometimes forms the gangue of the franklinite ; at otJicr 
times the two ores are associated in a matrix of caleite, whoso 
peculiar composition lias already been noticed under its pioper 
he:id. The silicate of zinc, willemite, is also occasionally found 
with the franklinite in the calcareous veinstone. It remains to be 
seen whether these ores do not, like the magnetite, occur in the 
stratified rocks of the region. These zinciferous minerals appear 
to bo confined to a small area in New Jersey, as they have never 
yet been seen elsewhere in the Laurentian rocks of North America 
or of Scandinavia. They are sometimes accompanied by colorless 
transparent blende. 

Iron Pi'KItes. — Cubic iron pyrites is of not unfrcqncnt occur- 
rence in the calcareous Laurentian veins, sometimes in distinct 
crystals, imbedded in caleite, and at other times filling up con- 
siderable portions of the veins, as in some localities in Burgess, 
and associated with apatite, pyroxene or mica. In an instance 
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mentioned ahove, a massive pyrites is the gaiigue both of crystals 
of apiitite and of magnetite. The i)ynte8 from veins in the Luti- 
rentiiui rocks occasionally contains cobalt and nickel, sometimes in 
large proportions. A bronze colored, compact, impalpalile vari- 
ety, found in irregular reniform or globular masses, with copper 
I)yrites, in North Burgess, gave me on analysis 3.47 jier cent of 
cobalt and 2.21 per cent of nickel. It contained no arsenic. 

It Avon Id seem scarcely necessary' to mention the existence, in 
the strata, of a mineral so generally diffnsed as pyrites, were it 
not for two reasons: first, to recall that pyrites is sometimes dis- 
semiuated in the beds of magnetic oxyd, so as to render the roast- 
ing of these, to remove the sulphur, a necessary prelimiuaiy to 
the smelting process ; and second, to remark that the bands in the 
Ijanrentian gneiss are sometimes impregnated with pyrites to snch 
an extent that their weathered surfaces become stained of a red- 
dish hue from its decomposition. These iron-stained strata consti- 
tute what the German miners call faldbands, and ai'c often of 
economic interest, from containing ores of more precious metals, 
such as copper, zinc, cobalt, nickel or even gold and silver, either 
impregnating certain layers, or acciinmhited in veins, which inter- 
sect the fahlband. From a certain siniilarily in their chemical 
relations between all these metals, it happens that their sulphuiTts 
are very commonly associated in nature, so that a deposit of pyiitcs 
is not unfrequentiv impregnated with or accompanied by the sul- 
phurets of more valuable metals. 

Magnetic Pyiutes is occasionally found in the Laurentian veins 
under conditions similar to those just mentioned for cubic pyrites. 
Near Portnenf, Quebec, a veinstone of ealcite encloses small crys- 
tals of green pyroxene, together with considerable masses and 
imperfect crystals of magnetic pyiites. 

Goiter Pviutes.— This ore is occasionally found with the Luu- 
reutiau limestones both in Canada and in New York {Geol. Can., 
page (392). In some cases it occurs in small irregular veins, with 
ealcite, and occasionally with iron jiyrites rich in cobalt and nick- 
el, but unaccompanied by the minerals which generally charac- 
terize the Laurentian veinstones. In Escott, Outaiio, however, it 
is found in considerable quantity, in a true granitic veinstone, with 
orthoclase, quarfz, black toui'maline and mica. In the same town- 
ship there was wrought a deposit of this ore, liaviii^ apparently 
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the foi'in of a smai] leiiticnlar bed, in immediate contact with a 
bed of magnelic iron ore {Ibid, page 6i)3). Small veins tilled 
ivilii ciiljic and magnetic iron ])yrites, copper pyi-ites and blende, 
witli a little calcite, are fdimd traversing a magnesian liincstouo 
in Sladoo. 

[In aiioUicr locality in the same township similar veins, having 
a gangne of mixed caleite, bitter-spar and quartz, carry besides 
copper pyrites, galena and the two species of ifon pyrites just 
menlioned, nirspickel and argentiferous /«/(to'j, the latter species 
predominating and being associated with a little gold. The mis- 
pickel of the locality just described contains a trace of cobalt. 
The same mineral is found in several other localities in that 
vicinity, which more<)ver nfi'on^n .sulj^hiret of antimony in small 
quantities disseminated in dolomite, and in one instance associated 
with ti'cmolite.] 

[BisMumiNE. — T!ie snlpiniret of liismulh is found in ciystalline 
masses of considerable size in a vein cutting a plumbaginous lime- 
stone in Lake, in the province of Ontario. It is imbedded iu quartz, 
and immediately associated with plumbago and brown tourmaline, 
delicate prisms of which are occasionally found penetrating the 
bisnmtliine. Minute portions of native bismuth are occasionally 
met with in the vein, and carbonate of bismuth, probably from the 
decomposition of the sulphiiret, occurs near the surface. This vein 
behmgs to the third class, already described, and in some parts i>y 
an admixture of mica and calcitc passes into an aggregate which 
might be mistaken for a coarsely crystalline limestone. These 
calcareous portions of the vein are pinkish in color, with j^cllow 
phlogopite, juid contain crystalline masses of iron pyrites.] 

Slxphuret of Molybdenum. — This species, as mentioned in the 
Geoloff>/ of Canada, pagefi 50Z and 754, occurs in several locali- 
ties in the Lanrenlian rocks. In the vicinity of Balsam Lake it is 
found in small quantities, associated with scapolite, pyroxene and 
iron ijyrites, in a huge vein of quartz which traverses the crystal- 
line limestones of that region. 

[Gold. — The occurrence of native gold has already been inen- 
titnied on page HG. Small portions of the precious niolal huve 
also been detected in assays of pyritifcrous quartz from Belmont, 
and it is said in quartz from other localities, and also associated 
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with beds of siIicioii3 rockimprogiiated willi pliiuibitgoi'rom iKoro 
than one loeulity.] 

Graphite or Plumbago. — This mioerul is occasionally met wilh 
ill mu&t of the stratified rocks of the Laiii'tiUtiaii system ; not only 
the limestones, but the gneiss, pyroxenite, qiiai'tzite and pyrallolite 
beds sometimes hold disseminated graphite. It is moreover met 
with in the iron ores of the series, as in Hull, Quebec, where large 
scales of graphite are imbedded in the crystalline magnetite, and 
also in Franklin, New Jersey, where, according to Dr. Fowler, the 
graphite disseminated in the magnetic iron ore is an obstacle to 
the working of it in the forge {lloffers. Final Rep. Oeol. New 
Jei'sey, page 64). Beck has also described, as occuring near the 
Natural Bridge, in Lewis county, New York, a mixture of chlorite, 
graphite and red iron ore, the latter amounting to about one-half 
of the mass {Mineralogy of New York, page 2G). The presence 
of graphite in the hematite which is associated with magnetite in 
Hull, lias already been noticed above. It is, however, chiefly in 
the limestones that we find graphite disseminated, sometimes so 
finely divided as to give !i bluish-grey tint to certain bands mark- 
ing the stratification, and at other times appearing in thia detached 
films or flakes, also marking the stratification. Portions of the rock 
in this way sometimes become higldy charged with graphite, and 
may form workable beds, but it is doiil)li'ul whether accumula- 
tions of pure crystalline graphite ever occur in the stratification. 

Specimens of an impure anuirphous graphite have lately been 
brought from ClaieHd<m, Ontario, where it i<> said to form a bed 
of fifteen inches in thickness, in a fine grained mica-slate. The 
mineral is sub-couehoidal in tVacture, eartliy, bluish-black in color, 
dull, but assuming the lustie of graphite under the burnisher. It 
loses by ignition only 0.4 of volatile matter ; by a i)rolonged cal- 
cination in the open air, however, (he graphite is burned away, 
leaving C6.1C per cent of brownish-yellow residue, which yields 
to acids a little lime, magnesia and oxyd of iron, and then consists 
chiefly of a silicate in large pai't alumincus. This anhydrous 
argillaceous rock thus contains very nearly one-third its weight 
of amorphous or uncrystalline graphite. 

Crystalline graphite is (Uie of the most frequent minerals of the 
Laurcntiau veins, in which it occuns under a variety of aspects, 
sometimes as lai'ge plates, or hexagonal tables, disseminated in 
coar.se-grained calcite, vitreous quartz, orthoclase or pyroxene, in 
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scales between the liiniiiife of mica eiystals, or else forming solid 
masses in the vein. These masses, when pnre, avc generally matlc 
of broad and thick laminis, the edges of which, in some eases at 
lea-st, are at right angles to the sides of the vein. In some cases 
a large vein will carry two or more bands or layers of pure or 
nearly pure graphite, separated from each other and from the 
wall-rock by feldspar, pyroxene or quartz. Occasionally the 
graphite found in these veins is finely granular, or like that from 
Warreiisburgh, New York, breaks easily into rectangular masses, 
which exhibit ou certain of the fractured surfaces a peculiar 
finely waved aspect, due to a structure which may be described 
as consisting of la^'crs of a millinjeter or less in thickness, tolera- 
bly regular, and made up of minute and narrow lamella?, arranged 
at right angles to the layers, and presenting a librou-s or columnar 
aspect when broken across. ^\'ben the fracture is with the layei's, 
and thus exposes only the ends of the lamellie, a granular surface 
is presented. Fractures at right angles with the layers show an 
undulating surface, recalling that of certain waved maple woods, 
and due to the fact that the fibres of the successive layers are not 
quite parallel with each other. This Laurentian graphite, accord- 
ing to Prof. C. F. Chandler's analysis, consists of carbon, tJi.OC ; 
carbonate of lime, 32.90 ; the remaining three per cent being 
chiefly silica and oxyd of iron. The carbonate of lime is invisibly 
diffused through the mass, which eflervesces freelj' with acids. It 
is not ill any way connected with the peculiar waved structure, 
since the graphite from the famous mine of JMariuski, ia the Gov- 
ernment of Irkutsk in Siberia, which presents a structure precisely 
simdar, contains no carbonate of lime, and only small quantities of 
earthy impurities, amounting, according to Dumas, to 3.7 per cent 
of the purest specimens. 

The Laurentian graphites, then, besides their visibly present 
foreign minerals, may contain finely disseminated impurities, which 
detract from their economical value, and can only be detected by 
analysis. 

A Laurentian graphite from Patterson, New Jersey, crystallized 
in broad lamellie, gave to Prof. Chandler, 21.0 per cent of pyrites, 
finely disseminated between the biminfe. This graphite, which by 
exposure becomes covered with an efflorescence of suljihate of 
iron, gave also portions of silica, aiumina and lime, apparently 
deiivod from some mineral like scapnlite, di.ssrminnJcd ihroii^Hi 
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the mass, and ti\so enclosed small but distiiiet brown prisma of 
apatite. 

On Ihe other hanJ, a graphite from the third lot of the second 
range of Grenville, Quebec, closely resembling the last in appear- 
ance, was found to be of great purity. By long continued ignition 
it burned away, leaving only 1.27 per cent of foreign matter, 
which eonsisted of small, colorless, brilliant grains, apparently of 
quartz or feld^^par, with a minute quantity of fawn-colored flocculi. 

Portions of the specimens of graphite sent from Canada to the 
Exhibition at London in 1862, were furnished to Mr. Kegnault, the 
eminent French chemist and physicist, who has since made use of 
them in an investigation on the specific heat of this form of car- 
boii. Incidental to this inquiry, they were submitted to a careful 
analysis by Mr. Cloez ; after being calcined to expel any traces of 
moisture, they were burned in a cuiient of dry <ixygen and showed 
the fact, already suspected by Kegnault, that a portion of hydro- 
gen enters into their composition, and is only separated by pro- 
longed ignition in a current of dry chlorine, which at the same 
time separates the earthy impurities, in the form of chlorids, and 
leaves the graphite an almost chemically puie carbon. The 
analysis of a specimen, probably from the s;ime locality with that 
which gave me 1.27 per cent of ash, gave to Cloez, carbon, 98,56 ; 
hydrogen, 1.34 ; ash, 0.20 = 100.10. Two other specimens of 
Canadian grapliite gave him, respectively, 12.()0 and 23.40 per 
cent of argillaceous ash {Ann. de Cliim. tt de Phys. [4], vii, 450). 

The lamellar graphite above noticed, like that of most of the 
similargraphitcs known in Grenville and the adjacent region, occurs 
in veins traversing the crystalline limestones, which are themselves 
more or less impregnated with graphite. In other cases, how- 
ever, the wall-rock is gneiss, as in Ticoudcroga, New York, where, 
in addition to the graphite veins, interst ratified layei-s highly charged 
with lamellar crystalline graphite are extensively mined in the 
Laurentian gneiss. A small vein, also in gneiss, oranrs near Mud 
Lake, iu Loughborough, Ontario. The graphite of the Lauron- 
taiu veins is siiuilar in its characters to the crystalline graphites 
of Ceylon, the mineralogical resemblances of whose rocks to the 
Lanrentian series we have already pointed oiit. These graphites 
are distinguished by their highly crystalline texture, their metallic 
gray streak and lustre, and their comparative freedom from ordi- 
nary eiu'tliy impurities, although, as we have seen, they may in- 
clude adinixtures of carbonate of lime and sulphuret of iron. 
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There is, however, another class of graphites lieloiigiiig to the 
stratification, and evidently of sedimentary origin, contiiiniiig a 
large admixture of earthy materials, such as sand and clay. These 
graphites are generally amorphous, or but imperfectly crystalline, 
and ordinarily give a mnch darker streak than the purer varieties. 
To Ibis second class belongs the earthy graphite from Clarendon, 
Ontario, already descrilied, and that of many other localities, where 
the mineral has been formed by the alteration of more or less car- 
lionaceous layers in schistose rocks. The impure plumbaginous 
schists from the Quebec group of the Eastern Townships of the 
province of Quebec ; the beds of graphite in the micaceous schists 
of eastern Massachusetts, at Sturbridge, Worcester and elscAvhere, 
which are now recognized to be altered beds of coal ; those of the 
French Alps, which are associated with fossil plants, and those of 
Passau, in Bavaria, where the mineral is disseminated in gneiss 
of Laiirentian age, are also examples of this second class of graph- 
ites. To these we may add the graphite of Borrowdale, in 
Cumberland, which is found in lenticular masses in altered slates, 
and the beds of graphite in mica-slate, in New Hampshire, which 
in some cases passes into a plumbaginous mica-slate, holding gar- 
nets. In describing the latter deposits, Dr. Jackson has observed 
that in the town of Goshen the beds of graphite are intersected 
with cross veins, which are tilled with pure foliated graphite. 

These graphites of the second class are distinguished not only 
by the large proportion of silieious and argillaceous mattei's with 
which they are mingled, bnt also by the very general absence of 
crystalline texture. This is so evident a characterisli^, that Sir 
Benjamin Brodie, in his recent researches on the chemical relations 
of graphite, distinguishes two varieties — the amorphous, including 
that from Borrowdale and from Passau, and the lamellar or crys- 
talline, represented by the graphite associated with quartz fir)m 
Ceylon, and that from Ticonderoga, New York {Philox. 'rransac- 
lions 1859, page 249), the latter of which belongs to Laurcntain 
veins. The graphites from New Brunswick and from Greenland, 
according to him, approach to anthracite in character, and prob- 
ably, like that of Massachusetts, pass into this variety of mineral 
carbon {LyelL Geol. Journal, I, 199. — Hiic/wock's Oeol. Mass., 
page 127). Between the amorphous graphite of Brodie, repre- 
sented by that of Borrowdale and Passan, and the lamellar variety 
from Ceylon and from the Laurcntian veins of North Araei'iea, 
may be placed the interstratified graphites of New Hampshire and 
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